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checking the numerous statements of fact on which the argu- 
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render time extremely precious to them, makes me feel how 
heavy is my obligation. 
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numerous figures. Nearly one half of them are repetitions, 
mostly altered in scale and simplified in execution, of figures, 
or parts of figurcr, contained in the works of various 
Botanists and Zoologists. Among the authors whom I have 
laid under contribution, I may name Berkeley, Carpenter, 
Cuvier, Green, Harvey, Hooker, Huxley, Milne-Edwards, 
Ralfe, Smith. The remaining figures, numbering 150, are 
from original sketches and diagrams. 

The successive instalments which compose this volume, 
were issued to the Subscribers at the following dates :—No. 
13 (pp. 1—80) in January, 1865; No. 14 (pp. 81—160) in 
June, 1865 ; No. 15 (pp. 161—240) in December, 1865; No. 
76 (pp. 241—320) in June, 1866; No. 17 (pp. 321—400) in 
November, 1866; and No. 18 (pp. 401—566) in March, 1867. 
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PART IY. 


MORPHOLOGICAL DEVELOPMENT. 


: MORPHOLOGICAL DEVELOPMENT. 


fucts as the hypothesis of Evolution aims at, without contem: 
plating structures and functions in their mutual relations. 
Everywhere structures in great measure determine functions; 
ond everywhere functions are incessantly modifying structures. 
In Nature, the two are inseparable co-operators; and Science 
ean give no true interpretation of Nature, without keeping 
their co-operation constantly in view. An account of organic 
evolution, in its more spocial aspects, must be essentially an 
socount of the inter-actions of structures and functions, as 
perpetually altered by changes of conditions, 

Hence, when treating apart Morphological Development 
and Physiological Development, all we can do is to direct our 
atteution mainly to the one or to the other, as the case may 
be, In dealing with the facts of structure, we shall consider 
the facts of function, only in such general way as is needful 


to explain the facts of structure; and conversely when deal- 
ing with the fects of function. 


§ 176, The problems of Morphology fall into two distinct 
classes, answering respectively to the two leading urpects of 
Evolution, In things which evolve there go on two processes 
— increase of mass and increase of structure. Increase of 
mass is primary, and in simple evolution takes place almost 
alone, Increase of structure is secondary, accompanying or 
following increase of mass with more or less 
wherever evolution rises above that form which small inor- 
ganic bodies, such as crystals, present to us. The fundamental 
antagonism between Dissolution and Evolution consisting in 
this, that while the one is an integration of motion and dis- 
integration of matter, the other is an integration of matter 
and disintegration of motion ; and this integration of matter 
aécompanying disintegration of motion, being a necessary 
antecedent to the differentiation of the matter so inte. 
grated; it follows that questions concerning the mode in 
which the parts are united into a whole, must be dealt with 
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homologies of its different parts become problems, Under 
the disguises induced by the consolidation of primary, second- 
ary, and tertiary units, it has to be ascertained which answer 
to which, in their degrees of composition. 

Such questions are more intricate than they at first appear; 
since, besides the obscuritics caused by progressive integration, 
and those due to accompanying modifications of form, further 
obseuritics result from the variable growths of units of the 
different orders. Just os an army may be augmented by ro- 
eruiting in each company, without increasing the number of 
companies; or may be augmented by making up the full 
complement of companies in each regiment, while the 
number of regiments remains the same; or may be aug- 
mented by putting more regiments into each division, other 
things being unchanged ; or may be augmented by adding to 
the number of its divisions without altering the components of 
each division; or may be augmented by two or three of these 
processes at once; so, in organisms, increase of mass may be 
due to growth in units of the first order, or in those of the 
accond order, or in those of still higher orders; or it may be 
due to simultancous growth in units of several orders. 
And this last mode of integration being the general mode, 
puts difficulties in the way of analysis. Just as the structure 
of an army would be made less easy to understand, if com- 
panies often outgrew regiments, or regiments became larger 
than brigades ; so these questions of morphological composi- 
tion, are complicated by the indeterminate sizes of the unite 
of each kind—rvlatively-simple units frequently becoming 
far more bulky than relatively-compound units, 


§ 177. The morphological problems of the asoond class, 
are those haying for their subject-matter the changes of shape 
that accompany changes of aggregation, Tho most general 
questions respecting the structure of an organism, haying been 
answered when it is ascertained of whut unite it is composed an 
4 whole, and in its s¢veral parts; there come the moro special 
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phenomena the process of evolution; and to show how, am 
displayed in them, it conforms to those first principles which 
evolution in general conforms to. ‘Two sets of factors have 
to be taken into account. Let us look at them. 

‘The factors of the first class are those which tend directly 
to change an organic aggregate, in common with every other 
aggregate, from that more simple form which is not in equi- 
librium with incident forces, to that more complex form which 
is in equilibrium with them, We haye to mark how, in corre- 
spondence with the universal law that the uniform lapses into 
the multiform, and the less multiform into the more multi- 
form, the parts of each organism are ever becoming further 
differentiated ; and we have to trace the varying relations to 
incident forces, by which further differentiations are entailed. 
We have to observe, too, how each primary modification of 
structure, induced by an altered distribution of forces, becomes 
a parent of secondary modifications—how, through the neces- 
sary multiplication of effects, change of form in one part brings 
about changes of form in other parts, And then we have also 
to note the metamorphoses constantly being induced by the 
process of segregation—by the gradual union of like parts 
exposed to like forces, and the gradual separation of like parts 
exposed to unlike forces, The factors of the second 
cluss which we have to keep in view throughout our interpret- 
ations, are the formative tendencies of organisms themselves 
—tho proclivities inherited by them from antecedent organ- 
isms, and which past processes of evolution have bequeathed. 
We have seen it to be a necessary inference from various ordera 
of facts (§§ 65, 84, 97,) that organisms are built up of certain 
highly-complex molecules, which we distinguished as physio- 
logical units—each kind of organism being built up of phy- 
siological units peculiar to itself. We found ourselves obliged 
to recognize in these physiological units, powers of arranging 
themselves into tho forms of the organisms to which they be- 
long; analogous to the powers which tho molecules of inor- 
ganic substances have of aggregating into spevifie crystalline 
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it must have been structureless; since, as difforentiations are 
producible only by the unlike actions of incident forces, there 
could have been no differentiations before such forces had had 
time to work. Hence, distinctions of parts like those required 
to constitute a cell, were necessarily absent at first. And we 
nood not therefore be surprised to find, as we do find, specks 
of protoplasm manifesting life, and yet showing no signs of 
organization. A farther stage of evolution is 
reached, when the very imperfectly integrated molecules form- 
ing one of these minute aggregates, become more coherent; 
at the same time as they pass into a state of heterogeneity, 
gradually increasing in its definiteness, That is to say, we 
may look for the assumption by them, of some distinctions of 
parts, such us we find in cells, and in what are called uni- 
cellular organisms. They cannot retain their primordial uni- 
formity ; and while in a few cases they may depart from it 
but slightly, they will, in the great majority of casos, acquire 
a very decided multiformity—there will result the compara: 
tively integrated and comparatively differentiated Profophyta 
and Protozoa. The production of minute aggregates 
of physiological units, being the first step; and the passage of 
such minute aggregates into more consolidated and moro 
complex forma, baing the second step ; it must naturally hap- 
pen that all higher organic types, subsequently ansing by 
further integrations and differentiations, will overywhore bear 
the impress of this eurliest phase of evolution. From the 
lnw of heredity, considered as extending to the entire sucees- 
sion of living things during the Earth's past history, it 
follows, that since the formation of these small, simple organ- 
isms, must have proceded the formation of larger and more 
complex organisms, the larger and more complex organisins 
niust inherit their essuntial characters. We may anticipate 
that the multiplication and combination of these minute 
aggregates or cells, will be conspicuous in the early develop- 
mental stages of plants and animals; and that through. 
out all subsequent stages, cell-production and cell-differen 
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§ 181, These aggregates of the lowest order, each formed of 
physiological units united into « group that is structurely 
single, and cannot be divided without destruction of its 
individuality, may, as above implied, exist as independent 

isms. The assumption to which we are committed by 
the hypothesis of evolution, that such so-called uni-cellular 
plants, were at first the only kinds of plants, is in harmony 
with the fact that habitats not occupied by plants of higher 
orders, commonly contain these protophytes in great abund- 
ance and great varicty. The various spocies of Protococeus, 
of Desmidiacee, and Diatomacee, supply examples of morpho- 
logical units living and propagating separately, under nu- 
merous modifications of form and structure. Figures 1, 2, 
and 3, represent a few of the commonest types. 


me 2 3 
8 (8 o| 

Mostly, simple plants are too small to be individually 
visible without the microscope. But, in some eases, these 
vegetal aggregates of the first order, grow to appreciable 
sizes. In the mycelium of some fungi, we have single cells 
developed into long branched filaments, or ramified tubules, 
that are of considerable lengths. An analogous structure 
characterizes certain tribes of Alga, of which Codium adherens, 
Fig. 4, may serve as an example. In Hydrogastrum, an- 


other algs, Fig. 5, we have a structure which is described as 
+ 
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finiteness, as well as incyeasing extent. In the yeast-plant, 
Fig. 7, we have colls which may exist singly, or joined into 
of several; and which have their shapes scarcely at 
all modified by their connexion. Among the Desmidiacece, it 
happens in many cases, that the two individuals produced by 
division of a parent-individual, part as soon as they are fully 
formed; but in other cases, instead of parting they compose 
a group of two. Allied kinds show us how, by subsequent 
fissions of the adherent individuals and their progeny, thero 
result longer groups ; and in some species, a continuous 
of them is thus pee ae 8, 9, 10, 11, exhibit these 


soveral stages. Instead of linear aggregation, some of the 
Desmidiacer Plustrate central aggregation; as shown in 
Figs. 12, 13, 14, 16. Other instunces of central aggrega- 
tion are furnished by such protophytes as the Gonium pector- 
ale, Fig. 16 (a being the front viow, and } the edge view), 
and the Sercina centriculi, Fig. 17. Further, we have that 
spherical mode of aggregation of which the Volver globator 
furnishes a familiar instance. 

‘Thus fur, however, the individuality of the secondary ag- 
progute is feebly pronounced: not simply in the senso that 
it is small ; but also in the sense that the individualities of the 
Primary aggregates are very little subordinated. But on 
seeking further, we find transitions towards forms in which 
the compound individuality is more dominant, while the sim- 
ple individualities aro more obscured, Obscuration 
of one kind, accompanies mere increase of size in the seound- 
ary aggregate: in proportion to the greater number of the 
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altered ; in the higher types, the cells are so fused together 
as to constitute cylinders divided by septa. Here, how- 
ever, the indefinitenoss is still great; there are no specific 
limita to the length of any thread thus produced ; and none 
of that differentiation of parts required to give a decided in- 
dividuality to the whole. 

To constitute something like a true aggregate of the 
second order, capable of serving as a compound unit, that 
may be combined with others like itself into still higher 
aggregates, there must exist both mass and definiteness, 


§ 183. An approach towards plants which unite these cha- 
racters, may be traced in such forms as Bangia ciliaris, 
Fig. 24. The multiplication of cells here takes place, not in 

a4 a longitudinal direction only, but also in a 
transverse direction; and the transverse 
multiplication being greater towards the 
middle of the frond, there results a differ- 
ence between the middlo and the two ex- 
tremities—a character which, in a feeble 
way, unites all the parts intoa whole. Even 
this slight individuation is, however, very 
indefinitely marked; since, as shown by 
the figures, the lateral multiplication of cella 
does not go on in s precise manner, 

From some such type as this there appear 
to arise, by slight differences in the modes af 
growth, two closely-allied groups of plants, 
having individuslities somewhat more pro- 
nounced, If, while the cells multiply lon- 

gitudinally, their lateral multiplication goes on in one direo- 
tion only, there results a flat surface, as in Ole linza, Fig. 
25; or where the lateral multiplication is less uniform in its 
mate, in types like Fig. 26. But where the lateral multipli- 
cation occurs in two directions transverse to one another, 
# hollow frond may be produced—sometimes irregularly 
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Where, as in types like these, the morphological unita 
show an inherent tendency go arrange themselves in a man- 
nor that is so fir constant as to give characteristic propor- 
tions, we msy say that there is a recognizable compound in- 
dividuality. Considering the ThaJlogens that grow in this 
way, apart from their kinships, and wholly with reference to 
their morphological composition, we might not inaptly de- 
scribe them ss pseudo-foliar. 

§ 184. Another mode in which aggregation is so carried 
on as to produce a compound individuality of considerable 
definiteness, is variously displayed among other families of 
Alga. When the cells, instead of multiplying longitwiin- 
ally alone, and instead of all multiplying laterally as well as 
longitudinally, multiply laterally only at particular places ; 
they produce a branched structure. 

Todications of this modo of aggregation ocour among the 
Conferce and simple plants akin to them, as shown in Figs. 
22, 23. Though, in somo of the more dovelopod A/pe which 
exhibit the ramified arrangement in a higher degree, the 
component cells are, like those of the lower /ger, united to- 
gether end to end, in such way as but little to obscure their 
separate forms, as in Cladophora Hutchinsia, Vig. 31; they 


nevertheless evince greater subordination to the whole of 
which they are parts, by arranging themselves more mothod- 
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integration still more advanced: not simply inasmuch as 
they unite much greater numbers of morphological units 
into continuous masses; but also inasmuch as they com- 
bine the pseudo-fcliar structure with the pseud-axial struc 
tare. Our own shores furnish an instance of this in the 
common Laminaria; and certain gigantic Fut of the 
Antartic seas, supply yot better instances. In some of 
these, the germ develops a very long slender stem, which 
eventually expands into a large bladder-like or cylindrical 
air-veasel; and from the surface of this there grow out 
numerous leaf-shaped expansions. Another kind, Lessonia 
uscescens, Fig. 37, shows us a massive stem growing up 
through water many fect deep—a stem which, 
bifurcating as it approaches the surface, flat- 
tens out the ends of its subdivisions into fronds 
like ribands. These, however, are not true 
foliar appendages, since they are merely ex- 
panded continuations of the stem. The whole 
plant, great as is its size, and made up though 
it seems to be of many groups of mor- 
phological units, united into a compound 
group by their marked subordination to a 
connecting mass, is nevertheless a single 
thallus. The aggrogate is still an aggregate 
of the second order, 

But amsng certain of the highest Alge, we do find some- 
thing more than this union of the pseud-axial with the 
pseudo-foliar structure. In addition to pseud-axes of 
comparative complexity; and in addition to pseudo-folia 
that are like leaves, not only in their gonoral shapes, Sut 
in having mid-ribs and even veins; there ore the be- 
ginnings of o higher stago of integration. Figs. 38, 39, 
and 40, show some of the steps. In Rhodymeni palmate, 
Fig. 38, the parent-frond is comparatively irrogular in shape, 
and without a mid-rib; ami alung with’ this very imperfect 
fntogration, we see that the secondary fronds growing from 











gregate of the third order is thus produced. But though, 
along with increased definiteness in the secondary aggregates, 
there is here an integration of them so extensive and 50 ro- 
gular, that they are visibly subordinated to the whole they 
form; yet the subordination is really very incomplete. In 
some instances, asin J. complanata, Fig. 47, the leaflets de- 
velop roots from their under surfaces, just as the primitive 
frond docs; and in the majority of the group, as in J. 
capitata, Vig. 48, roots are given off all along the connecting 
stem, ot the spots where the leaflets or frondlets join it: the 
result being, that though the connected frondlets form a 
physical whole, they do not form, in any decided manner, 
a physiological whole; since sucocssive portions of the 
united series, carry on their functions independently of the 
rest. Finally, the most developed members of the 
group, present us with tertiary aggregates that aro physio- 
logteally us well as physically integrated. Not lying prone 
like the kinds thus far described, but growing erect, the stem 
and sttached leaflets become dependent upon a single root or 
group of roots; and being so prevented from carrying on their 
functions separately, are made members of a compound indi- 
vidual—there arises a definitely-established aggregate of the 
third degree of composition. 

‘The facts as arranged in the above order, are suggestive. 
Minuto aggregates, or cella, the grouping of which we traced 
in § 182, showed us analogous phases of indefinite union, 
which appeared to lead the way towards definite union. We 
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THE MORPHOLOGICAL COMPOSITION OF PLANTS, 
CONTINUED. 


§ 187. Twar advanced composition arrived at in the 
Acrogens, is carried still further in the Endogens and Exo- 
gens, In these most-elevated vegetal forms, aggregation 
of the third order is always distinctly displayed ; and aggre- 
gates of the fourth, fifth, sixth, &c., orders are very common. 

Our inquiry into the morphology of these flowering 
plants, may be advantageously commenced by studying the 
development of simple leaves into compound leaves. It is 
easy to trace the transition, as well qs the conditions under 
which it occurs; and tracing it will prepare us for under- 
standing how, and when, metamorphoses still greater in de- 
gree, take place. 


§ 188, If we examine a branch of the common bramble, 
when in flower or afterwards, we shall not unfrequently find 
asimple or undivided leaf, at the insertion of one of the 
lateral Hower-bearing axes, composing the terminal cluster of 
flowers. Sometimes this loaf is partially lobed ; sometimes 
cleft into three small leaflets, Lower down on the shoot, if 
at bea lateral one, occur larger leaves, composed of three 
Teaflets; and in some of these, two of the leaflets may be 
Icbed more or less deeply, On the main stem, the leaves, 
usually still larger, will be found to have five leaflets. Sup- 
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and less compoum!, in proportion to their remoteness from the 
main currents of sap; and that where an entire absence of 
divisions or lobes is observed, it is on leaves within the 
flower-bunch; at the place, that is, where the forces that 
cause growth are nearly equilibrated by the forces that 
oppose growth ; and where, as a consequence, gamogenesis is 
about to set in (§ 78). Additional evidence that the degree 
of nutrition determines the degree of composition of the leaf, 
is furnished by the relative sizes of the leaves. Not only, on 
the average, is the quintuple leaf much larger in its total area 
than the triple leaf; but the component leaflets of the one, are 
usually much larger than those of the other. The like eon- 
trasts are still more marked between triple leaves and simple 
leaves. This connexion of decreasing size with decreasing 
composition, is conspicuous in the serics of figures: the differ- 

ences shown, being not nearly so great ns may bo frequently 
observed. Confirmation may be drawn from the fact, that 
when the leading shoot is broken or arrested in its growth, 
the shoots it gives off (provided they are given off after.the 
injury), and into which its chocked currents of sap are thrown, 
produce leaves of five leaflets, where ordinarily leaves of three 
leaflets occur. Of course incidental circumstances, as varia- 
tions in the amounts of sunshine, or of rnin, or of matter sup- 
plied to the roots, aro ever producing changes in the state of 
the plant asa whole; and by thus affecting the nutrition of its 
leaf-buds at the times of their formation, cause irregularities 
in the relations of size and composition above described. Fut 
taking these causes into account, it is ubundantly manifost 
that o leaf-bud of the bramble, will develop into a simple 
leaf or into a leaf compounded in different degrees, according 
to the quantity of astimilable matter brought to it at the 
time when the radiments of its structure are being fixed, 
And on studying the habits of other plants—on observing 
how annuals that have compound leayes, usually bear simplo 
lenvos at the outset, when the assimilating surface is but 
emall; and how, when compound-leaved plants in full growth 
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besides simulating the stem in colour and texture: In the 
petioles of large compound leaves, likw those of the com- 
muon Heracleum, we still more distinctly see both internal 
and external approximations in character to axes, Nor ore 
there wanting plants whose large, though simple, leaves, are 
held out far from the stems, by foot-stalks that are, near the 
ends, sometimes so like axes, that the transverse sections of 
the two are indistinguishable; as instance the Calla Ethiapica. 

One other fact respecting the modifications which leaves 
undergo, should be sct down, Not only may leaf-stalks as: 
"sume to a great degree the characters of stems, when they 
have to discharge the functions of stems, by supporting many 
leaves or very large leaves; but they may asume the cha- 
racters of leaves, when they have to undertake the functions 
ef leaves. The Australian Acacias furnish a remarkable 
illustration of this. Acacias elsewhere found, bear pinnate 
leaves; but the majority of thos found in Australia, bear what 
appear to be simple leaves, It turns out, however, that those 
are merely leaf-stalks flattened out into foliar shapes: the 
laminw of the leaves boing undeveloped, And the proof 
is, that in young plants, showing theirkinships by their em- 
bryonic characters, these leaf-like petioles bear true leaflets at 
their ends, A metamorphosis of like kind occurs in Ovalis 
bupleurifolia, Fig. 66. The fact most deserving of notice, 

however, is, that these leaf- 

stalks, in usurping the geno- 

ral aspects and functions of 

loayes, haye also usurped their 

structures: though their ve~ 
nation is not like that of the leaves they replace, yet they 
have veins, and in some cases mid-ribs. 

Reduced to their most general expression, the truths 
above shadowed forth are these :—That group of morphologi- 
cal units, or cells, which wo see integrated into the compound 
unit called a leaf, has, in each highor plant, a typical form; due 
w the special arrangement of these cells around a mid-rib and 





Be MORPHOLOGICAL DEVELOPMENT, 


énco only, that the leaves which are merely placed in close 
contact in the culyx, are here united together ;"a view which 
he corroborates by referring to the manner in which many 
capsules open and separate ‘into their leaves.’ The seeds, to, 
he looks upon as consisting of leaves in close combination. His 
reasons for considering the petals and stamens as homologous 
with loaves, are based upon the same facts as those which led 
Linneus, and, many years afterwards, Goethe, to the same 
conclusion. ‘In a word,’ says Wolff, ‘we see nothing in 
the whole plant, whose parts at first sight differ so remark- 
ably from each other, bat leaves anid stem, to which latter 
the root is referrible.’"" It appears that Wolff, too, enunei- 
ated the now-accepted interpretation of compound fruita: 
basing it on the same evidence as that since assigned. In 
the essay of Gocthe, published thirty years after, these reli- 
tions among the parts of flowering plants were traced out in 
greater detail, but not in so radical a way; for Goethe did 
not, as did Wolff, verify his hypothesis by dissecting buds in 
their carly stages of development, Goethe appears to have 
arrived at his conclusions independently. But that they were 
original with him, and that he gave a more variously-illus- 
trated exposition of them than had been given by Wolff, 
does not entitle him to anything beyond a secondary place, 
among those who have established this important generaliza- 
tion, 
Were it not that these pages may be read by somo to 
whom Biology, in all its divisions, is a new subject of study, it 
would be needless to name the evidence on which this now~ 
familiar generalization rests. For the information of such 
it will suffice to say, that the fundamental kinship existing 
among all the foliar organs of « flowering plant, is shown by 
the transitional forms which may be traced between them, 
and by the occasional assumption of one another's forms, 
“Floral leaves, or bracts, are frequently only to be distin- 
guished fram ordinary leaves by their position at the baso of 
the flower; at cther times the bracts gradually assume moro 
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flowers are brought into a cluster; as they are in the cows- 
lip. On contemplating a clover-flower, in which thia 
clustering has been carried so fur as to produce a com- 
pact head; and on considering what must happen if, by a 
further arrest of axial development, the foot-stalke of the 
florets disappear; it will be seen that there must result a 
crowd of flowers, seated close together on the end of the axis, 
And if, at the sume time, the internodes of the upper stem- 
Teaves also remain undeveloped, these stem-leayes will be 
grouped into a common calyx or involucre: wo shall have a 
composite flower, such as the thistle, Hence, to modifications 
in the developments of foliar organs, have to be added modi- 
fications in the developments of axial organs. Comparisons 
disclose the gradations through which axes, like their ee 
ages, pass into all yaricties of size, proportion, and structure. 
And we learn that the occurrence of these two kinds of 
metamorphosis, in all conceivable degrees and combinations, 
furnishes us with a proximate interpretation of morpho- 
logical composition in Pheenogams. 

I say a proximate interpretation, because there remain 
to be solved certain deeper problems; one of which at once” 
presents itsolf to bo dealt with under the present head. 
Leaves, petals, stamens, &¢., being shown to be homologous 
foliar organs; and the part to which they are attached, 
proving to bo an indefinitely-extended axis of growth, or 
axial organ; we are met by the questions,—What is a foliar 
organ ? and What is an axial orgun ? The morphological com- 
position of a Phanogam is undetermined, so long as we can- 
not say to what lower structures leaves and shoots are homo- 
Jogous; and how this integration of them originates. To 
these questions let us now address ourselves, 


§ 190-1. Already, in §78, reference has been made to the 
oceasional development of foliar organs into axial organs: 
the special case there described, being that of a fox-glove, in 
which some of the sepals wero replaced by flower-buda 
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modifications of form and structure. By contemplating the 
changes here displayed within the limits of a single order, 
we shall greatly widen our conception of the possibilities of 
metamorphosis in the vegetal kingdom, taken as a whole, 
‘Two different, but similarly-significant, truths are illustrated. 
First, we are shown how, of these two components of a 
flowering plant, commonly regarded as primordially distin- 
guished, one may assume, throughout numerous species, the 
functions, and to a great degree the appearance, of the other, 
Second, we are shown how, in the same individual, there 
may occur a re-metamorphosis—the usurped function and 
appearance being maintained in one part of the plant, while 
in another part, there is a return to the ordinary appearance 
and function, We will consider these two truths separ- 
ately. Some of the Buphorbiacee, which simulate 
Cactuses, show us the stages through which such abnormal 
structures are arrived at, In Buphorbia splendens, the lateral 
axes are considerably swollen at their distal onds, so as often 
to be club-shaped : still, however, being covered with bark 
of the ordinary colour, and still bearing leaves, But 
in kindred plants, as Huphorbia nerijfolia, this swelling of 
the lateral axes is carried to = far greater extent; and, at 
the same time, a green colour and a fleshy consistence have 
been acquired: the typical relations nevertheless being still 
shown, by the few leaves that grow out of these soft and 
swollen axes. In the Cactacee, which are thus resembled by 
plants not otherwise allied to them, we have indications of a 
perallel transformation. Some kinds, not commonly brought 
to England, bear leaves; but in the species most familiar to 
us, the leaves are undeveloped and the axes assume their 
functions. Passing over the many varieties of form and 
combination which these groon succulent growths display, we 
have to note that in some genera, as in Phyllocactirs, they 
become flattened out into folinceous shapes, having mid-ribs 
and something approuching to veins, So thut here, and in 
the genus Byiphyllum, which bas this charactor still more 
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of parts, havo taken place. Secing how, in an individual 
plant, the singleloaves pass into compound leaves, by thedevel- 
opment of their veins into mid-ribs while their mid-ribs begin 
to simulate axes; and seeing that leaves ordinarily exhihit- 
ing definitely-limited developments, occasionally produce 
othor leayes from their edges; we are led to suspect the pos- 
sibility of still greater changes in foliar organs, When, fur- 
ther, we find that within the limits of one natural order, 
petioles usurp the functions and appearances of leaves, at the 
same time that in other orders, as in Rusews, lateral axes so 
completely simulate leaves that their axial nature would never 
have been supposed, did they not bear flowers on their mid- 
ribs or edges; and when, among Cactuses, we perceive that 
such metamorphoses and re-metamorphoses take place with 
great facility; our suspicion that the morphological elements 
of Phienogams admit of profound transformations, is 
deepened. And then, on discovering how frequent are the 
inonstrosities that do not seer satisfactorily explicable without 
admitting the development of foliar organs into axial organs; 
we become ready to entertain the hypothesis, that during the 
evolution of the phanogamio type, the distinction between 
loaves und axus has arisen by degroes. , 

With our pre-conceptions loosened by such facts, and 
carrying with us the general idea which such facts suggest, 
let us now consider in what way the typical structure of a 
flowering plant may be interpreted. 


§ 192. To procved methodically, wo must sock a clue to 
the structures of Endogens and Exogens, in the structures 
ef those inferior plants that approuch to them—Acrogens. 
Tho various divisions of this class present, along with sundry 
characters which ally them with Thallogens, other charac- 
ters by which the phwnogamic structure is shadowed forth. 
While somo of the inferior Hepatiee or Liverworts, severally 
consist of little moro than o thallus-like frond; among the 
higher members of this group, and still more umong the 
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on its upper surfiee, and having a slightly. 
marked mid-rib and rootlets. And sup- 
pose that, as shown, o secondary frond is 
proliferously produced from the mid-rib, 
and continues attached to it. Evidently, 
the ordinary discontinuous development, 
can thus become a continuous development, 
enly on condition that there is an adequate 
supply, to the secondary frond, of such 
materials as are furnished by the rootlote: 
the remaining materials being obtainable 
by itself from the air, Hence, that portion 
of the mid-rib lying between the secondary 
frond and the chief rootlets, having its 
function increased, will increase in bulk. 
An additional consequence will be, a 
greater concentration of the rootlete— 
there will be extra growth of those which 
are most serviccably placed. Observe, next, 
that the structure so arising, is likely to be 
maintained. Such a variation implying, 
as it does, circumstances especially favour> 
able to the growth of the plant, will give 
to the plant extra chances of leaving de- 
scendants; since the area of frond sup- 
ported by a given area of the soil, being 
greater than in other individuals, there 
may be a wets production of spores. And then, aang 
the more numerous descendants thus secured by it, the yarin- 
tion will give advantages to those in which it recurs. Such 
a mode of growth having, in this manner, become estublished, 
let us ask what is next likely to result. If it becomes the 
habit of the primary frond to bear a secondary frond from its 
mid-rib, this secondary frond, composed of physiological 
units of the same kind, will inherit the habit; and supposing 








is just the character of the successive leaves in the higher 
types As shewn in Fig. 47, esch leaf is usually composed 
of two unequal lobes 

A natural concomitant of the mode of growth here de 
seribed, is, that the stem, while it increases longitudinally, 
increases scarcely at all transversely: hence the name 
Acrogens Clearly the transverse development of a stem, ia 
the correlative, partly of its function as channel of eireula 
tion, and partly of its function as a mechanical support, 
‘That an axis may lift its attached leaves into the air, implies 
thickness and solidity propertianate to the mass of such 
eaves; and an increase of its sap-vessels, also proportionate 
to the mass of such leaves, is necessitated when the roota 
are all at one ond and the leaves at the other, But in the 
generality of Acrogens, these conditions, under which arises 
the nocessity for transverse growth of the axis, are absent, 
wholly or in great part. The stem habitually creeps below 
the surface, or lies prone upon the surface; and where it 
grows in a vertical or inclined direction, doos this by at- 
tacking itself to a vertical or inclined object. Morcover, 
throwing out rootlets, as it mostly does, at intervals throagh- 
out its length, it is not called upon in any considerable de- 
gree, to transfer nutritive materials from one of its ends ta 
the other, Hence this peculisrity which gives their namo 
to the Acrogens, is a natural accompaniment of the low 
degree of specialization reached in them. And that it is an 
incidental and not a necessary peculiarity, is demonstrated 
by two converse facts. On the one hand, in those higher 
Acrogens which, like the tres-forns, lift largo masses of 
folinge into the air, there is just as decided a transverse ex- 
pansion of the axis os in Exogens. On the other hand, in 
those Exogens which, like the common Dodder, gain suy- 
port and notriment from the surfaces over which they creep, 
there is no more lateral expansion of the axis than is hahit- 
ual among Acrogens. Concluding, as we are thus fully justi- 
fied in doing, thut the lateral expansion accompanying longi- 
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this truth, in devising appliances by which the greatest 
strength shall be obtained at the smallest cost of material; 
and mmong organisms, we see that natural selection habit- 
uully establishes structures conforming to the same principle, 
wherever lightness and stiffness are to be combined. The 
cylindrical bones of mammals and birds, and the hollow 
shafts of feathors, are oxamples, The lower plants, too, 
furnish cases where the strength needful for maintaining an 
“ict abla aga 
thallus or frond. In Fig. 77, 
we haye an Alga which up- 
proaches towards a tubulur 
distribution of substance ; and 
which has a consequent rigid- 
ity. Sundry common forma 
of lichen, having the thallus 
folded into a branched tube, 
still more decidedly display- 
ing the connexion between 
this structural arrangement 
and this mechanical advantage. And from the particular 
class of plants we are here dealing with—the Acrogens—a 
type is shown in Fig. 78, Riclla Molicophylla, similarly cha~ 
ractorized by « thin frond that is made stiff enough to stand, 
by an incurving which, though it does not produce « hollow 
cylinder, produces a kindred form. If, then, as we huve 
seen, natural selection or survival of the fittest, will feyour 
such among these recumbent Acrogens, as are enabled, by 
variations of their structures, to maintain raised postures; 
it will favour the formation of fronds that eurve round upon 
themselves, and curve round upon the fronds growing out 
of them. What, now, will bo the result should such a 
modification take place in the group of proliferous fronds 
represented in Fig. 76? Clearly, the result will be a 
structure like that shown in Fig. 79, And if this inrolling 
becomes more complete, a form like Jungermannia cordifolia, 


a 





hand, circumstances fayour a form of plant which maintains 
its uprighiness at the smallest cost of substanco—if the 


maining concentrated, become distributed all round the tube 
formed by the infolded frond; then the structure eventually 
reeched, through the transitional forms 86, 87, 88, 89, will 
be a hollow cylinder. And now observe how the 
two structures thus produced, correspond with two kinds 
of Endogens. Fig. 90 reprosents a species of Dendrobium, 
in which wo seo clearly how cach leaf is but a continuation 
of the external layer of a solid axis—a sheath such as would 
result from the infolded edges of a frond becoming adnate; 
and on examining how the sheath of cach leaf includes the 
‘one above it, and how the successive aheaths include the axis, 
it will be manifost that the relations of parts are just such 
us exist in the united series of fronds shown in Fig. 79—the 
successive nodes answering to the successive points of origin 
of the fronds. Conversely, the stem of a grass, Fig. 91, dis- 
plays just such relations of parts, as would result from the de- 
‘yelopment of the type shown in Fig. 79, if instead of the mid- 
tibs thickening into a solid axis, the matter composing them 
became evenly distributed round the folinr surfaces, at the 
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and » channel, being here unrestrained by the early-formed 
fronds folded round it, goes on without the bursting of these. 
Hence arises a leading character of what is called exogenous 
growth—a growth which is, however, still habitually accom- 
panied by exfoliation, in flakes, of the outermost layer, con- 
tinually being cracked and split by the accumulation of 
layers within it. And now if we examine plants 
of the exogenous type, we find among them many displaying 
the stages of this metamorphosis. In Fig. 95, is shown a 
form in which the continuity of the axis with the mid-rib of 
the leaf, is manifest—a continuity that is conspicuous in the 
common thistle, Here the foliar expansion, running some 
distance down the axis, makes the included portion of the 
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uxis a part of its mid-rib ; just as in the ideal types above 
drawn. By the greater growth of the internodes, which are 
very variable, not only in different plants but in the same 
plant, there results 2 modification like that delineated in 
Fig. 96. And then, in such forms as Fig. 97, there is shown 
the arrangement that arises when, by more rapid develop- 
ment of the proximal portion of the mid-rib, the distal part 
of tho folinr surface is separated from the part which em- 
braces the axis: the wings of the mid-rib still serving, how- 
‘ever, to connect the two portions of the foliar surface. Such 
s separation is, as pointed out in § 188, an habitual oceur- 
rence ; and in some compound leaves, an nctual tearing of the 
inter-veinous tissue, is caused by extra growth of the mid-rib, 
Moilifications like this, and the further one in Fig. 98, we 
may expect to be established by survival of the fittest, among 








the forthcoming parts, while they areyory small and un- 

i What will in such case be the appearances they 
assumed ? We shall have no difficulty in perceiving what it 
will be, if we take a form like that shown in Fig. 92, and 
dwarf its several parts at the same time that we generalize 
them. Figs. 100, 101, 102, and 103, will show the result ; 
and in Fig. 104, which is the bud of an exogen, we see how 


clear is the morphological correspondence: a being the 
rudiment of « foliar organ beginning to take shape ; } being 
the almost formless rudiment of the next foliar organ ; and 
¢ being the quite-undifferentinted part whence the radiments 
of subsequent foliar organs ure to arise. 

And now we are prepared for entering on a still-remaining 
question respecting the structure of Phanogams—whut is tho 
origin of axillary buds? As the synthesis at present stands, 
it does not account for these; but on looking a little more 
closely into the matter, we shall find that the axillary buds 
are interpretable in the same manner as the terminal buds, 
So to interpret them, howover, we must return to that pro- 
cess of proliferous growth with which we set out, for the pur- 
pose of observing some facts not before named. Dplesseria 
hypegloxsum, Fig. 105, represents a seaweed of the same genus 
as one outlined in Fig. 40; but of a species in which pro- 
liferous growth is carried much further. Here, not only does 
the primary frond bud out many secondary fronds from ite 
mid-rib ; but most of the secondary fronds similarly bud out 
several tertiary fronds; and even by some of the tertiary 
fronds, this prolification is repeated, Besides being shown 
that the budding out of several fronds from ono frond, may 
become hahitusl; we are also shown that it may become a 
habit inherited by the fronds s0 produced, and also by the 
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the original series, wo arrive at a structure like that of the 
terminal bud; by dwariing and generalizing » lateral series, 
as shown in Figs. 107—110, we arrive at a structure an- 
swering in nature and position to the axillary bud. 


(AV aial 


Facts confirming these interpretations, are afforded by 
the structure und distribution of buds. Tho phonogumic 
axis in its primordial form, being an integrated series of 
folia; and the development of that part by which these folia 
are held together at considerable distances from one another, 
taking place afterwards; it is inferable from the general 
principles of embryology, that in its rudimentary stages, the 
phenogamic axis will have its foliar parts much more clearly 
marked out than its axial parts. This we see in every bud. 
Every bud consists of the rudiments of leaves packed to- 
gether without any appreciable internodal spaces; and the 
internodal spaces begin to increase with rapidity, ae when 
the foliar organs have been considerably developed. More- 
over, where nutrition is defective, and arrest of development 
takes place—that is, where a flower is formed—the inter- 
nodes remain undeveloped: the process of unfolding ceases 
before the later-scquired characters of the phanogumic axis 
are assumed. Lastly, ns the hypothesis leads us to expect, 
axillary buds make their appearances later than the foliar 
organs which they accompany; and where, us at the ends af 
axes, those foliar organs show failure of chlorophyll, the 
axillary buds are not produced at all. That these are in- 
ferable traits of structure, will be manifest on contemplating 
Figs, 106—110; and on obsorving, first, that the doubly- 
proliferous tendency of which the axillary bud is a reault, im- 
plics abundant nutrition; and on observing, next, that the 
original place of secondary prolification, is such that the foliar 
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the exogenous mode of growth, there always govs either a 
dicotyledonous or polyeotyledonous germination. Why is 
this? Such correlations cannot be accidental—cannot bo 
meaningless. A true theory of the phwnogamic types, in 
their origin and divergence, should account for the counex- 
ion of these traits. Let us sce whether the foregoing theory 
docs this. 

‘The higher plants, like the higher animals, bequeath to 
their offspring more or less of nutriment and structure. 
Superior organisms of either kingdom do not, as do all in- 
ferior organisms, cast off their progeny in the shape of 
minute portions of protoplasm, unorganized and without 
stocks of material fit for them to organize; but they either 
deposit along with the germs they cast off, certain quantities 
of albumenoid substance, fit for them to appropriate while 
they develop themselves, or else thoy continue to supply such 
substance while the germs partially-develop themselves before 
their detachment. Among plants, this constitutes the’ dis- 
tinction between seeds and spores. Every sced contains a 
store of food to serve the young plant during the first stages 
of its independent life; and usually, too, before the seod is 
detached, the young plant is so far advanced in structure, 
that it bears to the attached stock of nutriment much the 
same relation that the young fish bears to the appended yelk- 
bag at the time of leaving the ogg. Somotimos, indeed, the 
development of chlorophyll gives the seed-leaves a bright 
green, while the seed is still contained in the parent- 
pod. This carly organization of the phano- 
gam, must be supposed rudely to indicate the typo out of 
which the phamogamic type arose. Qn the foregoing hypo- 
thesis, the seed-leaves thorefore represent the primordial 
fronds—which, indeed, they simulate in their simple, cellular, 
unyeined structures. And the question here to be asked is— 
do tho different relations of the parts in young ondogens and 

exogens correspond with the different relations of the primor- 
isk Reader setetslly- pli oy ‘the wtdogel SOMES 
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portion of the axis below it. And now observe how, when wa 
take this for the unit of composition, the metamorphoses 
which the phoenogamio axis displays, areinferable from known — 
laws of development. Embryology teaches us that arrest 
of development shows itself first in the absence of those parts 
that have arisen Iatest in the course of evolution; that if 
defect of nutrition causes an earlier arrest, parts that aro of 
more ancient origin abort; and that the part alone produced 
when the supply of materials fails near the outset, is the prim- 
ordial part. We must infor, therefore, that in each seg- 
ment of a Phonogam, the foliar organ, which answers to the 
primordial frond, will be the most constant element; and 
that the internode and tho axillary bud, will be successively 
less constant, This we find. Along with a smaller size of 
foliar surface implying lower nutrition, it is usual to see a 
much-diminished internode and a less-pronounced 


but, as in Fig. 124. On approaching the flower, the 
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axillary bud disappears; and the segment is reduced to 
a small foliar surface, with an internode which is in most 
cuses very short if not absent, as in 125 and 126. In the 
flower itself, axillary buds and internodes are both want- 
ing: there remains only a foliar surface (127), which, 
though often larger than the immediately preceding foliar 
surface, shows failing nutrition by absence of chlorophyll. 
And then, in the quite terminal organs of fructification (129), 
we have the foliar part itself reduced to a mere rudiment. 
Though these progressive degenerations are by no means 
rogular, being in many cases varied by adaptation to pure 
tioular requirements, yet it cannot, I think, be questioned, 








bils by Phacnogams, ceases to be so surprising when we find 
it to be babitasl among the inferior Acrogens; and when we 
see that it is but a repetition, on a higher stage, of that self- 
detachment which is common among proliferously-produced 
fronds. Nor are wo any longer without solution of that 
transformation of foliar organs into axial organs, which 
not uncommonly takes place. How this last irregularity 
of development is to be accounted for, we will here pause a 
moment to consider. Let us first glance at our data, 

‘The form of every organism, we hayo seen, must depend 
vn the structures of ita physiological units. Any group of 
such physiological units will tend to arrange itself into the 
complete organism, if it is uncontrolled and placed in fit 
conditions. Henoe the development of fertilized germs; and 
hence the development of those self-detached cells which 
characterize some plants. Conversely, physiological units 
which form o small group involved ina larger group, and are 
subject to all the forces of the larger group, will become sub- 
ordinate in their structural arrangements to the larger group 
—will be co-ordinated into a part of the major whole, in- 
stead of co-ordinating themselves into a minor whole. This 
antithesis will be clearly understood on remembering how, 
on the one hand, a small detached part of a hydra soon 
moulds itself into the shape of an entire hydra; and how, 
‘on the other hand, the cellular mass that buds out in place 
‘of a lobster’s lost claw, gradually assumes the form of a claw 
—has its parts so moulded as to complete tho structure of 
the organiam: a result which we cannot but ascribe to the 
forces which the rest of the organism exerts upon it, Con- 
sequently, among plants, we may expect that whether any 
portion of protoplasm moulds itself into the typical form 
around an uxis of its own, or is moulded into a part subor- 
dinate to another axis, will depend on the relative mass of 
its physiological unite—the secumulation of them that has 
taken place before the assumption of any structural arminge- 
ment. A fow illustrations will make clear the validity of 
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Hence, thon, we are not without an interpretation of those 
over-developments which the phsenogamic axis occasionally 
undergoes. Fig. 104, represents the phanogamic bud in its 
radimentary state. The lateral process b, which ordinarily 
becomes a foliar appendage, differs yery little from the 
terminal process c, which is to become an axis—differs 
mainly in having, at this period when its form is being 
determined, a smaller bulk. If while thus undifferentiated, 
its nutrition remains inferior to that of the terminal process, 
it becomes moulded into a part that is subordinate to the 
general axis. But if, as sometimes happens, there is supplied 
to it such an abundance of the materials needful for growth, 
that it becomes as large as the terminal process; then we 
may naturally expect it to begin moulding itself round an 
axis of its own: a foliar organ will be replaced by an axial 


organ. And this result will be especially liable to oceur, 
when the growth of the axis has been previously under- 
going that arrest which leads to the formation of a flower; 
that is, when, from defect of materials, the terminal process 
has almost ceased to increase, and when some concurrence of 
favourable causes, brings a sudden access of sap, which reaches 
the lateral procesies before it reaches the terminal process. 


§ 198, Tho genoral conclusion to which these various lines 
of evidence converge, is, then, that the shoot of a flowering 
plant is an aggregate of the third degree of composition. 
Taking as aggregates of the first order, those emall masses 
of protoplasm which ordinarily assume the forms under 
whch they are known as cells; and considering as aggregates 
of the second order, those assemblages of such cells which, 
in the lower cryptogamia, compose the various kinds of thal- 
Jus; then that structure, common to the higher cryptogams 
and to phonogams, in which we find a series of such groups 
tulatively more wabortinate to the forees exerted om ther by the larger agen 


fates of tnclecules that are at greater distances, and thus ere teft to arrange 
themselves roxnd fewer exes into larger crystals. 
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among the higher Cryptogams, the germs of new axes detach 
themselves under the form of bulbils, and develop separately 
instead of in connexion with the parent axis; yet in most 
Phienogams, the germ of each new axis maintains its con- 
nexion with the parent axis: whence results a group of axes 
—an aggregate of the fourth order. Every tree, by the pro- 
duction of branch out of branch, shows us this integration 
repeated over and over again: forming an aggregate having 
& degree of composition too complex to be any longer defined. 
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ated, if not positively undifferentiated, that animal individu. 
ality can scarcely be claimed for thom. Figs. 131, 132, and 


ee le 


133, represent certain nearly-allied types of theso—Ameb4, 
Actinophrys, and Licberkihuia, The viscid jelly or sareode, 
comparable in its physical properties to white of egg, out of 
which one of these creatures is mainly formed, sa0us us in 
‘various ways, the feobleness with which the component physio 
logical units are integrated—shows us this by its very slight 
cohesion, by the extreme indefiniteness and mutability of its 
form, and by the absonce of a limiting membrane. Though 
unqualified adherents of the cell-doctrine assert that the 
Amarba has an investment, yet since this investment, com- 
pared by Dujardin to the film which forms on the surface of 
paste, does not prevent the taking of solid particles into the 
mass of the body, and does not, in such kindred forms as Fig. 
133, prevent the psendopodis from coalescing when they 
mect, it cannot be anything deserving the name of a cell- 
wall. A considerable portion of the body, however, in Digtu- 
gia, Fig. 134, has a densor coating; so that the protrusion af 
the pseudopodia ix limited to one part of it. And in the 
solitary Foraminifera, like Gromia, the sarcode is covered 
over most of its surfiwe by a delicate calcareous shell, pierced 
with minute holes, through which the slender psoudopedia 
are thrust, The Gregarina exhibits an advance in 
integration, and a consequent greater definiteness. Figs. 
135 and 136, exemplifying this type, show the complete 
membrane in which the substance of the creature is con- 
tained. Hore there has arisen what may be properly called 
a cell : under its solitary form this animal is truly unicellular. 
Its embryology has considerable significance. After passing 
through a ceriain quiescent, “encysted" state, its interior 
breaks up into small portions, which, after their exit, assume, 
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proliferously-produced fronds, after growing to certain sizes 

and developing rvotlets, detoch themselves from their parent- 

fronds; so among these animals, separation of the young 

anes from the bodies of their parents, ensues when they have 
There is reason to think that the parallel holds sfill fur- 

ther. Within the limits of the Jungermanniacer, we found 
ment, other genera exhibit a development that is similar to 
it in all essential respects, save that it is continuous. And 
here within the limits of the Hydrozoa, we find, along with 
this genus in which the gemmiparous individuals are pre- 
sently cast off, other genera in which they are not cast off, but 
form a permanent aggregate of the third order. Figs. 149 

and 150, exemplify these compound Hydrozoa—one of them 
showing this mode of growth so carried out as to produce a 
single axis; and the other showing how, by repetitions of 
the process, lateral axes are produced. Integrations charactor- 
izing certain higher genera of the Hydrozoa, which swim or 
float instead of being fixed, are indicated by Figs. 151 and 
162: the first of them representing the type of a group in 
which the polypes growing from an 

axis, orconosare, aredrawn through the 

water by the rhythmical contractions 

of the organs from which they hang ; 

and the second of them representing 

« Physalia the component polypes 

of which are united into a cluster, 
attached to an air-vessel. It should 

be added that in the Rhixostames, the 

integration is carried 20 far, that the 


might be drawn from that second di- 


























self a certain unit of composition for all creatures of a par- 
ticular class, and then displayed his ingenuity in building up 
u great variety of forms without departing from the “archo- 
typal idea.” On the other hand, examination made it mani- 
fost that even were such a conception worthy of being enter- 
tained, it would have to be relinquished; sinoe in each class 
there are numerous deviations from the supposed “archetypal 
idea.” Still Tess can these traits of structure be accounted 
for teleologically. That certain organs of nutrition and re- 
spiration and locomotion are repeated in each segment of a 
dorsibranchiate annelid, may be regarded as functionally ad- 
vantageous for a creature following its mode of life. But 
why should there bea hundred or even two hundred pairs of 
ovaries? This is an arrangement at variance with thst 
physiological division of labour which every organism pro- 
fits by—is a less advantageous arrangement than might have 
been adopted. That is to say, the hypothesis of a designed 
adaptation fails to explain the facta. Contrariwise, 
these structural traits are just such as might naturally be 
looked for, if these annulose forms have arisen by the in- 
tegration of simpler forms. Among the various 

animals already glanced at, it is very general for the united 
individuals to repeat one another in all their parts—repro- 
ductive organs included. Hence if, instead of a clustered or 
branched integration, such as the Curlenterata and Molhescoida 
exhibit, there ovcurs a longitudinal integration ; we may ex- 
pect that the united individuals will habitually indicate their 
original independence by severally bearing germ-producing 
or sperm-producing organs. 

‘The reasons for believing ono of these creatures to be an 
aggrogate of the third onder, are greatly strengthened when 
we turn from tho udult structure to the mode of develop- 
ment, Among tho Dorsibranchiata and Twbicole, the em- 
bryo leaves the egg in the shape of a ciliated gemmule, not 
much more differentiated than that of a polype. As shown 
in Fig. 162, it is a noarly globular mass; and its interior 
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We have now to study annulose animals in general. Com- 
parison of them will disclose various phases of progressive 
integration of the kind to be anticipated. 

Among tho simpler Annuloida, as in the Nemertida: and in 
some kinds of Plewsria, transverse fission occurs. A por- 
tion of a Planaria separated by spontaneous constriction, 
becomes an independent individual. Sir J. G. Dalyell found 
that in some cases numerous fragments artificially separated, 
grew into perfect animals. In these annuloids which thus 
remind us of the lowest Hydrozoa in their powers of agamo- 
genetic multiplication, the indiyiduals produced one from 
another, do not continue connected. As the young ones 
Interally budded-off by the Hy:dra separate when complete, 
sodo the young ones longitudinally budded-off by the Pia 
naria, Fig. 166 indicates this. But there are allied types 
which show us a more or less persistent union of homologous 
parts, or individuals, similarly arising by longitudinal gem- 
mation. The costoid Enfozoa furnish illustrations. Without 
dwelling on the fact that each segment of a Tiewia, like each 
separate Planaria, isan independent hermaphrodite, or on the 
fact that both develop their ova by the peculiar method of 
forming germinal vesicles in ono canal and surrounding them 
with yolk that is secreted in another canal; and without 
specifying the sundry common structural traits which add 
probability to the suspicion that there is some kinship be- 
twoon the individuals of the one order and the segments af 
the other; it will suffice to point out that the two types are 
so far allied as to demand their union under the same sub- 
class title. And recognizing this kinship, we see significance 
in the fact that in the ono ease the longitudinally-produced 
gemm= separate es complete individuals, and in tho other 
continue united as segments in smaller or larger numbers 
and for shorter or longer periods. In Tinie echinoeocens, 
represented in Fig. 167, we have a species in which the 
number of segments thus united doos not exceed four, In 
Eehinobothrium typus thero are eight or ten ; and in cestoids 
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lower type. The gemmation by which these segments are pro- 
duced, is as similar as the conditions allow, to the gemmation 
by which compound animals in general are produced. As 
smong plants and as among doemonstrably-compound animals, 
we see that the only thing required for the formation of a per- 
manent chain of gemmiparously-produced individuals, is that 
by remaining associated, such individuals will have advantages 
greater than are to be gained by separation, Further, by 
comparison of the annuloid and lower annulose forms, we 
discover a number of those transitional phases of integration 
which the hypothesis leads us to expect. And, lastly, the 
differences among these united individuals or successive 
segments, are not greater than the differences in their posi- 
tions and functions explain—not greater than such differences 
are known to produce among other united individuals : wit 
ness sundry compound Hydrozoa, 

Indirect evidence of much weight has still to be given. 
‘Thus far we have considered only the less-developed Anuu- 
tose. The more integrated and more differentiated types of 
the class remain. If in them we find a carrying further of 
the processes by which the lower types are here supposed to 
have been evolved, we shall have additional reason for be- 
lieving them to have been so evolved. If we find thut in 
these superior orders the individualities of the united seg- 
ments are much Jess pronounced than in the inferior, we 
thall have grounds for suspecting that in the inferior the 
individuslities of the segments are less pronounced than in 
those lost forms which initiated the annulose sub-kingdom. 
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their sub-kingdom, comparisons between the different orders 
prove that the higher are strongly distinguished from the 
lower, by the much greater degree in which the individual- 
ity of the tertiary aggregate dominates over the individual- 
ities of those secondary aggregutes called segments or 
“somites,” of which it is composed. The successive Figs, 
170—176, representing (without their limbs) » Julus, a 


decapodous Crustaceans, ending with a Crab, will convey at a 
glance an idea of the way in which that greater size and 
heterogeneity reached by the higher types, is accompanied 
by an integration which, in the extreme cases, almost obliter- 
ates all traces of composite structure. In the Crab the 
posterior segments, usually folded underneath the shell, 
alone preserve their primitive distinctness: so completely 
confluent are the rest, that it seems absurd to say that a 
Orab’s carapace is composed of as many segments as there aro 
pairs of limbs, foot-jaws, and antennm attached to it; and 
were it not that during carly stages of the Crab’s develop- 
ment the segmentation is faintly marked, the assertion might 
be considered illegitimate, 

That all articulate animals are thus composed from end to 
end of homologous segments, is, however, an accepted doo- 
trne among naturalists, It is a doctrine that rests on care- 
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‘Thus even in the higher Annulosa, the much greater conso. 
lidation and much greater heterogensity do not obliterate the 
evidence of the fact, that the organism is an aggregate of 
the third order. Beyond all question it is divisible into a 
number of proximate units, cach of which has essentially the 
same structure as its neighbours, and each of which is an 
aggregate of the second order, in so far as it is an organized 
combination of those aggregates of the first order which we 
call morphological units or cells. And that these segments 
or somites, which make up an annulose animal, were origin- 
ally aggregates of the socond order having independent in- 
dividualities, is an hypothesis which gathers further support 
from the contrast between the higher and the lower artieu- 
laté types, as well as from the contrast between the Articu- 
tata in general and the inferior Annulosa, For if thdt 
masking of the individualities of the segments which we find 
distinguishes the higher forms from the lower, has been going 
on from the beginning, as we may fairly assume ; it ix to be 
inferred that the individualities of the segments in the lower 

“forms, were originally more marked than they now are. 

Reversing those processes of change by which the most 
developed Annulosa havo arisen from the least developed; 
ard applying in thought this reversed process to the least 
developed, as they were described in the last Chapter; we 
are brought to the conception of attached segments that are 
completely alike, and have their individualities in no ap- 
preciable degree subordinated to that of the chain they com- 
pose, From which there is but. a step to the conception of 
gemmiparously-produced individuals which severally part 
one from another as soon as they are formed. 


§ 209. We must now return to a point whence we di- 
vorged some time ago. As before explained under the head 
of Classification, organisms do not admit of uni-serial ar 
rangement, either in general or in detail; but everywhere 
form groups within groups. Hence, having traced the 
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prosent us only with aggregates of the second order, that 
have in many cases become very latge and very complex. 
We find in them no trace of the union of gemmiparously- 
produced individuals. Neither the molluscous nor the 
vertebrate animal shows the faintest trace of a segmenta- 
tion affecting the totality of its structure; and we soe 
good grounds for concluding that such segmentation as ex- 
ecpuonally occurs in the one and usually occurs in the other, 
is superinduced. 
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any law? And are these laws, if they exist, allied with one 
another and with that to which the shape of the whole 
plant conforms? 

Descending to the components of these components, which 
in developed plants we distinguish as leaves, there mvet us 
kindred questions respecting their relative sizes, their rela- 
tive shapes, and their shapes as compared with those of 
foliar organs in general. Of their morphological differentia- 
tions, aleo, it has to be asked whether they exemplify any 
truth that is exemplified by the entire plant and by its larger 
parts. é 

Then, a step lower, we come down to those morphological 
units of which leaves and fronds consist; and concerning 
these arise parallel inquiries touching their divergencics 
from one another and from cells in general. 


Tae problems thus put together in several groups ean- 
not of course be rigorously separated. Evolution pre-sup- 
poses transitions which make all such classings more or less 
conventional ; and adherence to them must be subordinate 
to the needs of the occasion. 


§ 214. In studying the causes of the morphological 
differentiations thus grouped and prospectively genoralized, 
we shall have to bear in mind several orders of forces which 
it will be well briefly to specify. 

Growth tends inevitably to initinte changes in the 

> shape of any aggregate, by changing both the amounts of 
tho incident forces and the forees which the parts exert on 
one another. With the mechanical actions this is obvious: 
miter that is sensibly plastic cannot be increased in mass 
without undergoing a change in its proportions, consequeut 
on the diminished ratio of its cohesive force to the force of 
gravitation, With the physiological actions it is equally 
obyious: increase of size, other things equal, alters the 
relations of the parts to the material and dynamical faotors 
of nutrition ; and by so affecting differently the nutrition 
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tions that result from increase of mass and increase of com- 
position. In cach part considered individually, there arises 
n characteristic shapo consequent on that relative position 
towards external and internal forces, which the mode of 
growth entails. Every member of the aggregate presents 
itself'in a more or less peculiar way towards the light, towards 
the air, and towards its point of support ; and according to 
the relative homogeneity or heterogeneity in the incidence of 
the agencies thus brought to bear on. it, will be the relative 
homogeneity or heterogeneity of its shape. 


§ 216. Before passing from this @ priori view of the mor- 
phological differentiations which necessarily accompany 
morphological integrations, to an 4 posteriori view of them, it 
seems nocdful to specify the meanings of certain descriptive 
terms we shall have to employ. 

Taking for our broadest division among forms, the regular 
and the irregular, we may divide the latter into those which 
are wholly irregular and those which, being but partially 
irregular, suggest some regular form to which they approach. 
By alightly straining the difference between them, two current 
words may be conveniently used to describe these subdivi- 
sions. The entirely irregular forms we may class os 
asymmetrical—literally as forms without any equality of 
dimensions. The forms which spproximate towards regu- 
larity without reaching it, we may distinguish as wneym- 
metrical—a word which, though it asserts inequality of 
dimensions, has been associated by use rather with such 
slight inequality as constitutes an observable departure fram 
equality. 

Of the regular forms there are several classes, difforing in 
the number of directions in which equality of dimensions ix 
repeated. Hence results the need for names by which sym- 
metry of several kinds may be expressed. 

The rnost regular of figures is the sphere: its dimensions 
are the same from centre to surface in all directions; and it 
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through the three axes that join the centres of the surfaces, 
Jet us limit our attention to the three kinds of bilaterainess 
which here concern us. ‘The first of these is triple 
bilateral symmetry. This is the symmetry of a figure having 
three axes at right angles to one another, through each of 
which there passes a single plane that divides the aggregate 
into corresponding halves, A common brick will serve asan 
example ; and of objects not quite so simple, the most familiar 
is that modern kind of spectacle-case which is open at both 
ends. ‘This may be divided into corresponding halves along 
its longitudinal axis, by cutting it through in the direction 
of its thickness or by cutting it through in the direction of 
its breadth ; or it may be divided into corresponding halves 
by cutting it across the middle. UF objects which 
illustrate dowble bilateral symmetry, may be named one of 
those boats built for moving with equal facility in either di- 
rection, and therefore made alike at stem and stern. Ob- 
viously such a boat is separable into equal and similar parts 
by a vertical plane passing through stem and stern ; and it is 
also separable into equal and similar parts by a vertical plane 
cutting it amidships. To exemplify single bilateral 
symmetry it needs but to turn to the ordinary boat of which 
the two ends are unlike. Here there remains bat the ono 
plane passing vertically through stem and stern, on the op- 
posite sides of which the parts are symmetrically di 

These several kinds of symmetry as placed in the fore- 
going order, imply increasing heterogeneity. The greatest 
uniformity in shape is shown by the divisibility inte like 
parts in an infinite number of infinite sories of ways; and 
the greatest degree of multiformity consistent with any 
regularity, is shown by the divisibility into like parts in 
ouly a tingle way. Hence, in tracing up organic evolution 
as displayed in morphological differentiations, we may ex- 
pect to pass from the one extremo of spherical symmetry, 
to the other extreme of single bilateral symmetry. This 
expectation we shall find to be completely fulfilled. _ 






































CHAPTER VIIL 
THE SHAPES OF BRANCHES, 


§ 221. Aoorxoarss of the first order supply a few examples 
of forms ramified in an approximately-regular manner, under 
conditions which subject their parts to approximately-regu- 


lar distributions of forces. Some unicellular Alga, becaming 
elaborately branched, assume very much the aspects of small 
trees; and show us in their branches analogous relations of 


likecharncters. Here it will be seen that 

the attached and free ends differ; that 
ig ied ke tne me alike: and that they are unlike the 
upper and under surfaces, which resemble one another. 


§ 222. Fig. 201 shows us how in an aggregate of the se- 
a cond order, each proximate component is 
modified by its relations to the rest ; just 

as we before saw a whole fungus of the 

same type modified by its relations to en- 

yironing objects. Ifa branch of the fun- 

gus here figured, be compared with one of 

the fungi clustered together in Fig. 195, 

or, still better, with one of the Interally- 
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development of the leaflets on the side next tho axis is not 
mmch hindered. Still the interference of the leaves with ane 
another is, on the average, somewhat greater on the proximal 
side than on the distal side; and hence the interior leaflets 
are rather Jess than the exterior leaflets. In further proof of 
which influence, let it be added that, as shown in the figure, 
at a, the leaves growing out of the flowering-stem devi- 
ate towards the two-sided form more decidedly, Two- 
sidedness is much greater where there is a greater relative 
proximity of the innor leaflets to the axis, or where the foot- 

towards a horizontal position, The Horse- 


arrangement! by 

incidence of forces, serves also to show how the incidence 
of forces determines the relative sizes and arrangements 
of leaflets Fig. 210, which shows a leaf of the 


Bomber, further illustrates this relation of structure to con- 
ditions. 

Compound leaves that are completely bilateral, present us 
with modifications of form exemplifying the same general 
trath in another way. In them the proximal and distal 
parts have nono of that resemblance which we see in these 
intermediate forms just described: the portion next the axis 
and the portion farthest from the axis are entirely different; 
und the only likeness is hetween the wings or leaflets ou 
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where in the Victoria regia there is merely a seam. Among 
land-plants similar forms are found under analogous condi- 
tions. The common Hydrocotyle, Fig. 219, which sends 


x 
iis 

up direct from its roots a few almost upright leaf-stalke, has 
these surmounted by peltate leaves; which leaves, however, 
diverge slightly from radial symmetry in correspondence with 
the slight contrast of cireumstances which their grouping in- 
volves. Another case is supplied by the Nasturtium, Fig. 
220, which combines the characters—a creeping stem, long 
leaf-stalks growing up at right angles to it, and unsymme- 
trically peltate leaves, of which the least dimension is, on 
the average, towards the stem. But perhaps the most 
striking illustration is that furnished by the Cotyledom wnube- 
licus, Fig. 221, in which different kinds of symmatry ocour 
in tho leaves of the same plant, along with differences in their 
relations to conditions. The root-leaves, a, that grow up an 
vertical petioles before the flower-stalk makes its appearance, 
are symmetrically peltate; while the leaves which subeo 
quently grow out of the flower-stalk, 6, are at the bottom 

transitionally bilateral, und higher up completely bilateral. 
That the bilsteral form of leaf is the ordinary form, 
corresponds with the fact that, ordinarily, the cireum- 
stances of the leaf are different in the direction of the plant's 
axis from what they are in the opposite direction, while 
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it to coutinue wherever there are no forces tending to change 
it. Whut now must be the forces tending to change it? 
They must be forees which do not simply affect differently 
the different parts of an individual flower; but they must be 
frees which affect in like contrasted ways the homologous 
parts of other individual flowers, both on the same plant and 
on surrounding plants of the same species. A permanent 
modification can be expected only in cases where, by inherit- 
ance, the effect of the modifying causes accumulates. That 
it may sceumulate the flowers must keep themselves so re- 
lated to the environment, that the homologous parts may 
generation after generation be subjected to like differentiating 
forces. Hence, among a plant's flowers which maintain no uni- 
formity in the relations of their parts tosurroundinginfluences, 
the radial form will continue. Let us glance at the several 
causes which entail this variability. When flowers 
are borne on many branches, which have all inclinations from 
the vertical to the horizontal—as are the flowers of the Apple, 
the Plum, the Hawthorn—theyare placed in countlessdifferent 
attitudes. Consequéntly, any spontaneous variation in shape 
which might be advantageous were the attitude constant, ia 
not likely to boadvantageous ; and any functionally-produced 
moilification in one flower is likely to be neutralized in off- 
spring by some opposite functionally-produced modification 
in another flower, It is quite comprehensible, therefore, 
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individuals are not reduced to the condition of segments of a 
composite individual, and do not display any marked diffor- 
entiations; yet there are some animals in which such 
subordinations, and consequent heterogencities, occur, The 
oceanic Hydrozoa form one group; and we have seen 
reason to conclude that the Awnilosa form another group. 
It is not worth while, however, to oceupy space in detailing 
these unlikenesses of homologous segments, and seeking 
specific explanations of them. Among the oceanic [ydrosoa 
they are extremely varied ; and the habits and derivations of 
these creatures are #0 little known, that thore are no adequate 
data for interpreting the forms of the parts in terms of their 
relations to the environment, Conversely, among the dn- 
nulcza those differentiations of the homologous segments 
which avcompany their progressing integration, have = 
much in common, and have general causes which are so ob 
vious, that it is needless to deal with them at any length. 
They are all explicable as due to the exposure of different parts 
of the chain of segments to different sets of actions and re 
actions: the most general contrast being that between the 
anterior segments and the posterior segments, answoring to 
tho most general contrast of conditions to which annalosw: 
animals subject their segments; and the more special can- 
trasts answering to the contrasts of conditions entailed by 
their more special habits. 
Were an exhuustive treatment of the subject 

there should here, also, come a chapter devoted to the internal 
structures of animals—meaning, more nil 
and arrangements of the yiscera, The relations between 

forms and forces among those inclosed parts, are, however, 
mostly too obscure to allow of interpretation. Protected as 
the viscera are in great measure from the incidence of ex- 
ternal forces, we are not likely to find much correspondence 
between their distribution and the distribution of external 
forces. In this case the influences, partly mechanical, partly 
physiological, which the organs exercise on one another 








CHAPTER XY. 
THE SHAPES OF VERTEBRATE SKELETONS, 
§ 254. Wien an elongated mass of any substance is 


transversely strained, different parts of the mass are ex- 
posed to forces of opposite kinds. If, for example, a bar 


of metal or wood is supported at its two ends, as shown in 
Fig. 281, and has to bear a weight on its centre, ita lower 


fy 

part is thrown into a state of tension, while its upper part is 
thrown into a state of compression. As will be manifest to 
any one who has observed what happens on breaking a stick 
across his knee, the greatest degree of tension falls on the 
fibres that form the convex surface, while the fibres formng 
the concave surface are subject to the greatest degree of 
compression. Between these extremes the fibres at different 
depths are subject to different forces. Progressing upwards 
from the under surface of the dar shown in Pig, 281, the 
tension of the fibres becorre# less; and progressing down- 
wards from the upper surface, the compression of the fibres 
becomes less; until, at a certain distance between the twa 
surfaces, there is a place at which the fibres are neither ex. 
tended nor compressed. This, shown by the dstted Hue ia 
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cular masses? Is this, too, explicable on the movhanical 
hypothesis? Have we, in the perpetual transverse strains, 
a cause for the fact that while the rudimentary vertebrate 
axis is without any divisions, there are definite divisions 
of the substance forming the animal's sides? I think we 
have. A glance at the distribution of forces under the 
transverse strain, as represented in the foregoing diagrams, 
will show how much more severe is the strain on the outer 
parts than on the inner parts; and how, consequently, any 
modifications of structure eventually necessitated, will arise 
peripherally before they arise centrally. The perception of 
this muy be enforeed by a simple experiment. Take a stick 
of sealing-wax and warm it slowly and moderately before 
the fire, so as to give it a little flexibility. Then bend it 
gently until it is curved into a semi-circle. On the convex 
surface small cracks will be seen, and on the concave sur- 
face wrinkles; while between the two the substance remains 
undistorted. If the bend be reversed and re-reversed, time 
after time, these cracks and wrinkles will become fissures 
which gradually deepen. But now, if changes of this class, en- 
tailed by perpetual transverse strains, commence superficially, 
us they manifestly must; there arise the further questions— 
What will be the special modifications produced under those 
special conditions? and through what stages will these modifi- 
cations progress? Every one has literally at hand an example 
of the way in which n flexiblo external layer that is now ex- 
tended and now compressed, by the bending of the mass it 
covers, becomes creased ; and a glance at the palms and the 
fingers will show that the creases are near one another 
where the skin is thin, and far apart whero tke skin is thick. 
Between this familiar case and the case of the rhinocervs- 
hide, in which there are but a fow large folds, various grada- 
tions may be traced. Now the like must happen with the 
increasing layers of contractile fibres forming the sides of 
the musculur tunic in such « typo as that supposed, ‘The 
bendings will produce in them small wrinkles while they are 
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tebrate animals. Let us see whether the theory of mechani- 
eal genesis afford us a deductive interpretation of the in- 
ductive generalizations. 

Before proceeding, we must note a process of functional 
adaptation which here co-operates with natural selection, I 
refer to the habitual formation of denser tismes at those 
parts of an organism which are exposed to the greatest 
strains—either compressions or tensions. Instances of hard- 
ening under compression aro made familiar to us by the 
skin, We havo the general contrast between the soft skin 
covering the body at large, and the indurated skin covering 
the inner surfaces of the hands and the soles of the feet. 

Ve have the fact that even within these areas the parts on 
which the pressure is habitunlly greatest, have the skin 
habitually thickest; and that in each person special points 
exposed to special pressures become specially dense—often 
as dense as horn. Further, we have the converse fact, that 
the skin of little-used hands becomes abnormally thin—even 
losing, in places, that ribbed structure which distinguishes 
tkin subject to rough usage, Of increased density directly 
following increased tension, the skeletons, whether of men 
or animals, furnish abundant evidence. Anntomists oasily 
discriminate between the hones of a atrong man and those of 
a weak man, by the greater development of those ridges and 
crests to which the muscles are attached ; and naturalists, on 
comparing the remains of domesticated animals with those 
of wild animals of the sume species, find kindred differences. 
The first of these facts shows untistakably the immodiate 
effect of function on structure, and by obvious alliance with 
it the second may be held to do the same—both implying 
that the deposit of dense substanoe capable of great resist- 
ance, habitually takes place at points where the tension is 
excessive. 

Tuking into account, then, this adaptive process, con- 
tinually aided by the survival of individuals in which it 
has taken place most rapidly, we may expect, on tracing up 
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§ 207. After these explanations the process of eventual 
segmentation in the spinal oxis itself, will be readily under- 
stoc. The original cartilnginous rod has to maintain longi- 
tudinal rigidity while permitting lateral flexion. Aas fant an 
it Lecomes definitely marked out, it will begin to concentrate 
Within itself a great part of those pressures and tensions 
caused by transverse strains. As already said, it must be 
acted upon much in the same manner as a bow, though it is 
bent by forces acting in a more indirect way ; and like a bow, 
it must, at each bend, have the substance of its convex side 
extended and the substance of its concave side compressed. 
So long as the vertebrate animal is small or inert, such a 
cartilaginous rod may have sufficient strength to withstand 
the muscular strains ; but, other things equal, the evolution 
of an animal that is large, or active, or both, implies mus- 
cular strains that must tend to cause modification in such a 
cartilaginous rod. The results of greater bulk and of greater 
yivacity may be best dealt with separately. As the 
animal increases in size, the rod will grow both longer and 
thicker. On looking back at the disgrams of forves caused 
by transverse strains, it will be seen that as tho rod grows 
thicker, its outer parts must be exposed to more severe ten- 
sions and pressures, if the degree of bend is the same. It is 
doubtless true that when the fish or reptile, advancing hy 
lateral undulations, becomes longer, the curvature assumed 
by the body at cach movement becomes less; and that from 
this cause the outer parts of the notochord are, other things 
equal, less strained—the two changes thus partially neutral- 
izing one another. But other things are wot equal. For 
whils, supposing the shape of the body to remain con- 
stant, the force exerted in moving the body increases as the 
cubes of its dimensions, the sectional area of the notochord, 
on which fall the reactions of this exerted force, increases 
only os the squares of the dimensions: whence results an 
intenser stress upon its substance. Merely noting that the 
other varying factor—the resistance of the water—may hore 
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rato it will be clear that the efforts made by fish in rushing 
upon prey or escaping enemies (and it is these extreme efforts 
which hore concern us) must, as fish become more active, 
rapidly exalt the strains to be borne by their motor organs; 
and thst of these strains, those which fall upon the noto- 
chord must be exalted in proportion to the rest. Thus tho 
development of locomotive power, which survival of the 
fittest must tend in most cases to favour, involves such in- 
crease of stress on tho primitive cartilaginous rod as will 
tend, other things equal, to cause its modification. 

‘What must its modification be? Considering the compli- 
cation of the influences at work, conspiring, as above indi- 
cated, in varions ways and degrees, we cannot expect to do 
more than form an idea of its average character, The nature 
of the changes which the notochord is likely to undergo, where 


greater bulk is accompanied by higher activity, is rudely 
indicated by Figs. 291, 292, and 293. The successively 


+04 


Sa 


——— = oa 
thicker lines represent the successively greater strains to 
which the outer layers of tissue are exposed ; and the widen- 
ing inter-spaces represent the greater extensions which they 
have to bear when they become convex, or clse the greater 
gaps that must be formed in them. Had these outer layers 
to undergo extension only, us on the convex side, continued 
natural selection might result in the formation of a tissue 
elastic enough to admit of the requisite stretching. But at 
each alternate bend, these outer layers, becoming concave, 
are subject to increased compression—a compresdon which 
they cannot withstand if they have become simply more 
extensible. To withstand this greater compression they must 
become harder as well as more extensible. How arm 
these two requirements to be reconciled? Tf, as facts war- 
rant us in supposing, a formation of denser substance occurs 
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partake in any considerable degree of the lateral undula 
tions; and there will not tend to arise in it any such distinct 
segmentation as arises elsewhere. We have here, then, an 
explanation of the fact, that from the beginning the 

ment of the head follows a course unlike that of the spinal 
column; and of the fact that tho segmentation, so far as if 
can be traced in the head, is most readily to be traced in the 
occipital region and becomes lost in the region of the face. 
Still more significantly, we have an explanation of the fact 
that the base of the skull, answering to the front end of the 
notochord, never betrays any sign of sogmentation. This, 
which is absolutely at variance with the hypothesis of the 
transcendental anatomists, is in complete harmony with the 
foregoing hypothesis. For if, as we have seen, the segmenta- 
tion consequent on mechanical actions and reactions must 
progress from without inwards, affecting last of all the axis; 
and if, as we have seen, the region of the head is so circum- 
stanced that the causes of segmentation act but feebly even 
on its periphery; then, it is to be expected that its axis 
will not be segmented at all: that portion of the primitive 
notochord which is included in the head, having to un- 
dergo no lateral bendings, may ossify without division into 


segments. 

Of other incidental evidences supplied by comparative 
morphology, let mo next refer to the supernumerary bones, 
which the theory of Goethe and Oken ns elaborated by Prof. 
Owen, has to get rid of by gratuitous suppositions. In many 
fishes, for example, there are what have been called inter- 
neural spines and inter-hamal spines. These cannot by any 
ingenuity be affiliated upon the archetypal vertebra, and they 
are therefore arbitrarily rojected as bones belonging to the 
exo-skeleton ; though in shape and texture they are similar 
to the spines between which they ure placed. On the hy- 
pothesis of evolution, however, these additional bones are 
accounted for as urising under actions like those that gaye 
origin to the bones adjacent to them. And similarly with 





exposed them, have mvolved variations in the process of 
lidifieati 


§ 259. Of course the foregoing synthesis is to he taken 
simply as. an adumbration of the process by which the verte- 
brate structure may have arisen through the continued actions 
of known agencies, The motive for attempting it has been 
two-fold. Having, as before said, given reasons for con- 
cluding that the segments of a vertebrate animal are not 
homologous in the same sensé as those of an annulose animal 
or a phenogamic axis, it seemed needful to do something 
towards showing how they are otherwise to be accounted fur; 
and having here, for our general subject, the likenesses and 
differences among the parts of organisms, as determined hy 
incident forces, it seemed out of the question to pass. by the 
problem presented by the vertebrate skeleton, 

Leaving out all that is hypothetical, the general argument 
may be briefly presented thus:—The evolution from the 
simplest known vertebrate animal, of a powerful and active 
vertebrate animal, implies the development of » stronger 
internal fulcram. ‘The internal fulcrum cannot be made 
stronger without becoming more dense. And it cannot be- 
come more denseswhile retaining its lateral flexibility, with- 
out becoming divided into segments. Further, in conformity 
with the general principles thus far traced, these segments 
must be alike in proportion as the forces to which they are 
exposed are alike, and unlike in proportion as these forces 
are unlike; and #0 there necessarily results that unity in 
variety by which the vertebral column is from the beginning 
characterized. Onco more, we see that the explanation’ ex- 
tends to those innumerable and more-marked divergences 
from homogeneity, which vertebrm unilergo in the various 
higher animals. Thus, the production of vertebrm, the pro- 
duction of likenesses among vertebra, and the production nf 
arilikenesses among yertebre, ure interpretable us parts of 
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one general process, and as harmonizing with one general 
principle. 

Whether sufficient or insufficient, the explanation here 
given assigns causes of known kinds producing effects such 
as they are known to produce. It does not, as a solution of 
one mystery, offer another mystery of which no solution is 
to be asked. It does not allege a Platonic id¢a, or fictitious 
entity, which explains the vertebrate skeleton by absorbing 
into itself all the inexplicability. Un the contrary, it assumes 
nothing beyond agencies by which structures in general are 
moulded—agencies by which these particular structures are, 
indeed, notoriously modifiable. An ascertained cause of 
certain traits in vertebra and other bones, it extends to all 
other traits of vertebre; and at the time assimilates the 
morphological phenomena they present to much wider classes 
of morphological phenomena. 


OHAPTER XVL. 


THE SHAPES OF ANIMAL CELLS. 


§ 260. Astoyo animals as among plants, the laws of mor- 
phological differentiation must be conformed to by the mor- 
phological units, as well as by the larger parts and the wholes 


formed of them, I¢ remains here to point out that the con- 
formity is traceable where the conditions are simple. 

In the shapes assumed by those rapidly-multiplying cells 

out of which each animal is developed, there is a conspicuous 

subordination to the surrounding actions. 

Fig. 294 represents the cellular embryonic 

mass that arises by ropeated spontancaua 

fissions. In it we see how the cells, origin- 

ally spherical, are changed by pressure 

against one another and against the lisnit- 

ing membrane; and how their likenesses 

and unlikenesses are determined by the likenesses and un- 

Tkenesses of the forces to which they are exposed. This fact 

may be thought scarcely worth pointing out, But it i 

worth pointing out, because what is here #0 obyious a con- 

sequence of mechanical actions, is in other cases a conse- 

quence of actions composite in their kinds and involved in 

their distribution. Just as the equalities and inequalities of 

dimensions among aggregated cells, aro here caused by the 

equalities and inequalities among their mutual pressures in 

different direetions; so, though less manifestly, the equalitics 
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the evidence furnished by Histology; nor, indeed, would 
further examinution of this evidence be likely to yield de- 
finite resulta. In the cases given above we have marked 
differences among the incident forces; and therefore have a 
chance of finding, as we do find, relations between these and 
difforences of form. But the cells’ composing masses. of 
tissue are severally subject to forces that are indeterminate ; 
and therefore the interpretation of their shapes is imprac- 
ticable. It must suffice that so far as the facts go they ure 


congruous with the hypothesis. 
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Tt will be useful to glance back over the various minor 
inferences arrived at, and contemplate them in their ensem- 
Ble from these higher points of view. 


§ 263. That process of integration which every plant dis- 
plays during its life, we found reason to think has gone on 
during the life of the vegetal kingdom as a whole. Proto- 
plasm into cells, cells into folia, folia into axes, axes into 
branched combinations—such, in brief, are the stages passed 
through by every shrub; and such appear to have been the 
stages through which plants of successively-higher kinds 
have been evolved from lower kinds. Even among certain 
groups of plants now existing, we find aggregates of the first 
order passing through various gradations into aggregates of 
the second order—hore forming small, incoherent, indefinite 
assemblages, and there forming large, definite, coherent 
fronds. Similar transitions are traceable through which 
these integrated aggregates of the second order pass into 
aggregates of the third order: in one species the unions of 
parent-fronds with the fronds that bud out from them, being 
temporary, and in another species such unions being longer 
continued; until, in species still higher, by a gemmation 
that is habitual and regular, there is produced a definitely- 
integrated aggregate of the third order—an axis bearing 
fronds or leaves. And even between this type and a type 
further compounded, a link occurs in the plants which cast 
off, in the shape of bulbils, some of the young axes they 
produce. As among plants, so among animals. A 
ike spontaneous fission of cells ends here in separation, there 
in partial aggregation, while elsewhere, by closer combina- 
tion of the multiplying units, there arises a coherent and 
tolerably definite individual of the second orler. By the 
budding of individuals of the second order, there are in some 
cases produced other separate individuals like them; in some 
cases temporary aggregates of such like individuals; and in 
other cases permanent aggregates of them: certain of which 
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§ 264. This broad statement of the correspondence be- 
tween the general facts of Morphological Development and 
the principles of Evolution at large, may be reduced to state- 
ments of a much more specific kind, The phenomena of 
symmetry and unsymmetry and asymmetry, which we have 
traced out among organic forms, are demonstrably in har- 
mony with those laws of the re-distribution of matter and 
motion to which Evolution conforms, Besides the myrind- 
fold illustrations of the instability of the homogeneous, that 
are afforded by these aggregates of units of each order, which, 
at first alike, lapse gradually into unlikencss; and besides 
the myriad-fold illustrations of the multiplication of effects, 
which these ever-complicating differentiations exhibit to us; 
we have also myriad-fold illustrations of the definite equal- 
ities and inequalities of structures, produced by definite 
equalities and inequalities of forces, 

‘The proposition arrived at when dealing with the cwnses 
of Evolution, “that in the actions and reactions of force and 
matter, un unlikeness in cither of the factors necessitates an 
unlikenoss in the effects; and that in the absence of unlike- 
noss in either of the factors the effects must be alike” (First 
Principles, § 129), ia the general formula including all 
these particular likenesses and unlikenesses of parts which 
we have been tracing. For have we not everywhere sean 
that the strongest contrasts are between the parts that are 
most contrasted in their conditions; while the most similar 
parts are those most-similarly conditioned? Tn every plant 
the leading difference is betwoon the attached end and the 
free end; in every branch it is the same; in every leaf it is 
the same. Ani in every plant the leading likenesses are 
those between the two sides of the branch, the two sides of 
the leaf, and the two sides of the flower, where these parts 
are two-sided in their conditions ; or between all sides of the 
branch, all sides of the leaf, and nll sides of the flower, where 
these parts are similarly conditioned on nll sides. So, too, is 
it with animals that move about. The most marked contrasts 
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cannot be rationally interpreted apart; and throughout the 
foregoing pages this trath has been made abundantly mani- 
fest, Here we oro obliged to recognize the inter-dependence 
still more distinctly ; for the phenomena of function cannot 
even be conceived without direct and perpetual consciousness 
of the phenomena of structure. Though the subject-matter 
of Physiology is as broadly distinguished from the subject 
matter of Morphology as motion is from matter; yet, just 
a8 the laws of motion cannot be known apart from some 
matter moved, so there can be no knowledye of function 
without a knowledge of some structure as performing fune 
tion. 

Much more than this is obvious. The study of functions, 
considered from our present point of view as arising by 
Evolution, must be carried on main/y by the study of the cor- 
relative structures. Doubtless, by experimenting on the organ- 
isms that aro growing und moving around us, we may 
ascertain the connexions existing among certain of their 
actions, while we have little or no knowledge of the speciul 
parts concerned in those actions. In a living animal that 
can be conveniently kept under observation, we may learn 
the way in which conspicuous functions vary together—how 
the rate of 1 man’s pulse increases with the amount of 
muscular exertion he is undergoing; or how a horse's 
rapidity of breathing is in part dependent on his speed, 
But though observations of this order are indispensabla— 
though by accumulation and comparison of such obser- 
vations we learn which parts perform which functions— 
though such observations, prosecuted so as to disclose 
the sections of all parts under all circumstances, constitute, 
when properly generalized and co-ordinated, whut is cou 
monly understood us Physiology; yet such observations 
help us but a little way towards learning how funotiana 
came to be established and specialized. We have next to 
no power of tracing up the genesis uf u function considered 
purely as a function—no opportunity of observing tha 








CHAPTER I. 


DIFFERENTIATIONS BETWEEN THE OUTER AND INNER 
TISSUES OF PLANTS 


§ 268. The simplest plant presents a contrast between its 
peripheral substance and its central substance. In each pro- 
tophyte, be it a spherical cell or a branched tube, or such 
& more-specjulized form as a Desmid, o marked unlikeness 
exists between the limiting layer and that which it limits. 
These vegetal aggregates of the first order may differ widely 
from one another in the natures of their outer coats and in 
the natures of their contents. Asin a Palmela, there may 
exist a clothing of jelly; or, a8 in Diatom, the walla may 
take the form of silicious valves variously sculptured. The 
contained mattcr may be here green, there red, and in other 
cases brown or black. Sut amid all those diversities there is 
this one uniformity —a strong distinction between the parts 


in contact with the environment and the parts not in con- 
tuet with the environment, 

When we remember that this trait is one which these 
simple living bodies have in common with bodies that are not 


living —when we remember that each inorganic muss even- 
tually has its outer part more of less differentiated from 
ita inner part, here by oxidation, there by drying, and else- 
where by the uctions of light, of moisture, of frost; we can 
warcely resist the evnclus'nn that, in the one case ns in 





228 PHYSIOLOGICAL DEVELOPMENT. 


equilibration, there must arise this distinction between the 
outer part adapted to meet outer forces, and the inner part 
adapted to meet inner forces. And their respective actions, 
ne thus meeting outer and inner forces, must be whut we call 
their respective functions, 


§ 269. Aggregates of the second order exhibit parallel 
traits, admitting of parallel interpretations. Integrated 
massea of cells or units homologous with protophytes, 
habitually show us contrasts between the charucters of the 
superficial tissues and the central tissues. Such among these 
aggregates of the second order ag have their component units 
arranged into threads or lamins, single or double, cannot, of 
course, furnish contrasts of this kind; for all their units are 
as much external as internal. We must turn to the more or 
Tess massive forms. 

Of these, among Fungi, the common Puff-ball is a good 
example—good because it presents this fundamental differen- 
tiation but little compliceted by others. In it we have a 
cortical Iayer of cellular tissue obviously unlike the mass af 
cellular tissue which it incloses. So far as the unlikenoss 
between externul and internal parts is concerned, we see here 
a relation analogous to that existing in the simple cell; and 
we see in it a similar meaning: there is a physiological 
differentiation corresponding to the difference in the incidence 
of forces. 

Under various forms the Al/ge show just the same rela- 
tion. Where, as in Codiwn Bursa, we have ramified tubular 
cells aggregated into a hollow globular mass, the outer and 
inner surfaces are contrasted both in colour and. structure; 
though the tubules composing the two surfaces are con- 
tinuous with one another. In Rirwlaria, aguin, we seo the 
like, both in the radial arrangement of the imbedded threads 
and in the difference of colour between the exterior of tha 
imbedding jelly and its interior. The more-developed Aliya 
of all kinds repest the antithesis. In branched stoma, 
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from the rest are the forces which it has to resist, and fron 
which it passively protects the parts within. How 
clearly this heterogeneity of structure and fonction is conse- 
quent upon intercourse with the environment, every tree 
and shrab shows. The young shoots, alike of annuals and 
perennials, are quite green and soft at their extremities. 
Among plunts of short lives, there is usually but a slight 
dovelopment of bark: such traces of it as the surface of the 
axis acquires being seen only at its lowermost or oldest 
portion, In long-lived plants, however, this formation of a 
tough opaque coating takes place more rapidly; and shows 
us distinctly the connexion between the degree of differentin- 
tion and the length of exposure, For, in a growing twig, 
wo see that the bark, invisible at the bud, thickens by 
insensible gradations as we go downwards to the junction of 
the twig with the Lranch ; and we come to still thicker parts 
of it as we descend along the branch towards the main stem. 
Moreover, on examining main stems we find that while in 
some trees the bark, cracked by expansion of the wood, drops 
off in flakes, leaving exposed patches of the inner tissue which 
presently become green and finally develop new cortical 
luyers; in other trees the exfoliated flakes continue sdheront, 
and in the course of years form a rugged fissured coat: #0 
producing a still more marked contrast between outside and 
inside. Of course the establishment of this he- 
terogeneity is furthered by natural selection, which, where a 
protective covering is needed, gives an advantage to those 
individuals in which it hes become strongest. But that this 
divergence of structure commences as a direct adaptation, is 
clearly shown by other facts than the foregoing. There ix 
the fact that many of the plants which in our gardens 
develop bark with considerable rapidity, do not develop it 
with the ame rapidity in a greenhouse. And there is the 
fuct that plants which, in some climates, have their stems 
covered only by thin semi-transparent layers, acquire thick 
opaque layers when taken to other climates. 
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surface, there are at least two layers; and the bark coating 
the substance of a shoot, besides being itself compound, 
includes another tissue lying between it and the wood. What 
is the physical interpretation of these facts? 

When 2 mass of what we distinguish as inert matter is 
exposed to external agencies capable of working changes in 
it—when it is chemically ucted upon, or when, being dry, it 
is allowed to souk, or when, being wet, itis allowed to dry— 
the changes set up progress in an equable way from the 
surface towards the centre. At any time during the process 
(supposing no other action supervenes) the modification 
wrought, first completed at the outside, either gradually 
diminishes us we approach the centre, or ceases suddenly 
at a certain distance from the centre. But now suppose that 
the mass, instead of being inert, is the seat of active changes 
—suppose that it isa portion of complex colloidal substance, 
permeable by light and by fluids capable of affecting ita 
unstable molecules—suppose that its interior is a source of 
forces continually liberated and diffusing themselves out- 
wards. Is it not likely that while at the centre the sotion 
of the internally-liberated forces will dominate, and while at 
the surface the action of the environing forces will dominate, 
there will be between the two a certain place at which their 
actions balance ? And may we not expect that this will be 
the place where the most unstable matter exists—the placo 
ontside of which the matter becomes relatively stable in the 
face of external forces, and inside of which the matter be- 
comes relatively stable in the face of internal forces? 

Be this or be this not the explanation, the well-known fact 
is that the inner wall of each vegetal cell is a delicate mem- 
brane, the primordial utricle, composed of that nitrogenous 
substance specially characterized by instability; and that 
outside of this is the celluloso Iyer, and inside of it tha 
granular colouring matter, And the similarly well-known 
fact is, that in each phsenogamic axis (he cambium layer, 
which shows its relutive instability by the activity of the 
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changes going on in it, lies between the bark and the mass 
of the axis; and is the place from which the differentiations 
producing these proceed in opposite directions. 

But we are here chiefly concerned with the more general 
interpretation, which is independent of any such speculation 
as the foregoing. These contrasted tissues and the contrasted 
functions they severally perform are, beyond question, sub- 
ordinated to the relations of outside and inside. And the 
evidence makes it tolerably clear that the unlike actions of 
forces involved by the relations of outside and inside, deter- 
mine these contraste—partly directly and partly indirectly. 
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when one of them is detached. Whichever side falls lower 
most, however, presently begins to send out rootlets, while the 
uppermost side begins to assume those characters whieh 
distinguish the face of the frond, When this differentiation 
has commenced, the tendency to its complete establishment 
becomes more and more decided; as is proved by the fact 
that if the positions of the surfaces be altered, the gemmule 
bends itself 90 as to re-ndjust them: the change towards 
equilibrium with environing forces having beon once set up, 
there is acquired, as it were, an increasing momentum which 
resists any counter-change. But the evidence shows that 
at the outset, the relations to earth and air alone deter- 
mine the differentiation of the under surface from the 
upper. The experiences of the gardener, muiti- 
plying his plants by cuttings and layers, constitute another 
class of evidences not to be omitted : they are commonplace 
but instructive examples of physiological differentiation. 
While circumstanced as it usually is, the cambium of each 
branch in a Phenogam continues to perform its ordinary 
function—transforming itself on its outer side into the 
cortical substances, and on its inner side into vascular and 
woody tissues. But change the conditions to those which 
the underground part of tho plant is exposed to, and there 
begins another differentiation resulting in underground struc- 
tures. Contact with water often suffices alone to produce 
this result, as in the branches of some trees when they droop 
into a pool, or as occasionally with a cutting placed in a 
bottle of water; and when the light is excluded by im- 
bedding the end of the cutting, or the middle of the still- 
attached branch, in the earth, this production of tissues 
adapted to the fiction of absorbing moisture and mineral 
constituents proceeds still more readily. With such cases 
may be grouped thor in which this development of undor- 
ground organs by an above-ground tissue, is not excep- 
tional but habituul. Creeping plants furnish good fllus- 
trations. From the shoots of the Ground-Ivy, rootlets am 
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branches, , But the most conclusive evidence is 
furnished by the actual substitutions of surface-stractures 
and functions, that occur in sérial organs which have taken 
to growing permanently under ground, and in under-ground 
organs which have taken to growing permanently in the 
air, On tho one hand, there is the rhisoma. exemplified by 
Ginger—a stem which, instead of shooting up vertically, 
runs horizontally below the surface of the soil, and assumes 
the character of a root, alike in colour, texture, and 
production of rootlets; and there is that kind of swollen 
under-ground axis, bearing axillary buds, which the Potate 
exemplifies—a structure which, though homologically an 
axis, simulates a tuberous root in surface-chargoter, and 
when exposed to the air, manifests no greater readiness 
to develop chlorophyll than a tuberous root does. On the 
other hand, thero aro the aérial roots of certain Orchids, 
which, habitually green at their tips, continue green 
throughout their whole lengths when kept moist; which 
have become leaf-like not only by this development of 
chlorophyll, but also by the acquirement of stomata; and 
which do not bury themselves in the soil when they have 
the opportunity. Thos we have aérial organs 90 com- 
pletely changed to fit under-ground actions, that they will 
not resume aérial functions; and under-ground organs so 
completely changed to fit sérial actions, that they will not 
resume under-ground functions. 

That the physiological differentiation between the part of 
n plant's surface which is exposed to light and air and the 
part which is exposed to darkness and moisture and solid 
matter, is primarily due to the unlike uctions of these 
unlike parts of the environment, is, then, clearly implied by 
observed facts—more clearly, indeed, than was to be expoeted: 
Considering how strong must be the inherited tendeney 
of a plant to assume those speciul charactors, physio- 
logical as well as morphological, which have resulted from 
4n enormous accumulation of antecedent actions, it may 
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tho muterials assimilated at ita fixed and its free ends, it hes 
no need for  circulation—nor, indocd, in tho absence of 
evaporation from any part of its surface, could any nective 
circulation take place. Hore, sceonlingly, the ordinary 
internal structures are undeveloped: though spiral vessels 
ure not entirely absent, yet thoy are so rare a4 todo no more 
than verify the inference of phwnogamic relationship drawn 
from the flowers. 

The method of agreement, the method of difference, and 
the method of concomitant variations, thus unite in proving 
a direct relation between the demand for support and cir- 
culation, and tho existence of these vascular woody bundles 
which the higher plants habitually possess: The question 
which we have to consider is—Under what influences are 
these structures, answering to these requirements, developed ? 
How are these internal differentiations caused ? The inquiry 
may be conveniently divided. Though the supporting tissues 
and tho tissues concerned in the cireulation of liquids are 
closely connected, and indeed entangled, with one another, 
wo may fitly deal with thom apart. Let us take first-the 
supporting tissue. 


§ 279. Many common-place facts indicate that the me- 
chanical strains to which upright-growing plants aro exposed, 
themselves cause increase of the dense deposits by which suel: 
plants are onabled to resist such strains. There is the fact 
that the massiveness of a tree-trank varies according to the 
stress habitually pat upon it. If the contrast between the 
slender stem of a tree growing in » wood and the bully stem 
of a kindred tree growing in the fields, bo ascribed to differ 
ence of nutrition rather than difference of exposure to winds; 
thore is still tho fuct that a tree trained against a wall lias a 
Joss ballcy etem than a tree of the same kind growing un+ 
supported; and that between the long weak brunches of the 
one and the stiif ones of the other there ure decided contrasts, 
Tf it be objected that a tree so trained and branches so borna 
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have taken place. These must be passed over as arising 
in ways too involved to ndmit of rpecific interpreta- 
tions; even supposing them to have been prodaced by 
causes of the kind assigned. But the probability, or 
rather indeed the certainty, is, that some of them have not 
been so produced. Here, as in nearly all other cases, in- 
diect requilibration has worked in aid of direct equilibration ; 
and in many cases indirect equilibration has been the sole 
agency, Besides ascribing to natural scloction the rise of 
various internal modifications of other classes than those 
above treated, we must ascribe some even of these to natural 
selection, It is so with the dense deposits which form 
thorns and the shells of nuts: these cannot have resulted 
from any inner reactions immediately called forth by outer 
actions; but must have resulted mediately through the effects 
of such outer actions on the species. Let it be understood, 
therefore, that the differentiations to which the foregoing 
interpretation applies, are only those most conspicuous ones 
which aro directly related to the most conspicuous in- 
cident forces. They must be taken as instances on tho 
strength of which we may conclude that other internal 
differentiations have had a natural genesis, though in ways 
that we cannot trace, 
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direct action of the moist earth, must conduce to an increase 
current of the liquid evaporated from the one and supplied 
by the other—must serve, therefore, to aid the formation of 
sap-channels in the ways already described; that is—must 
serve to develop the structures through which mutual aid of 
the parts is given : the additional differentiation tends imme- 
diately to bring about the additional integration, Cou- 
trariwise, it is obvious that an interdependence such as wo 
wee between the secretion of honey and the fertilization of 
germs, or between the deposit of albumen in the cotyledons 
of an embryo-plant and the subsequent striking root, isa kind 
of integration in the actions of the individual or of the 
species, which no differentiation has a direct tendency to 
initiate. Hence we must regard the total results as due to a 
plexus of influences acting simultaneously on the individual 
and on the species: some chiefly affecting the one and some 
chiefly affecting the other. 
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However this may be, the force of the general argument 
remains the same. In these exchanges of structure and 
function between the outer and quasi-outer tissues, we get 
undeniable proof that they are easily differentiable. And 
seeing this, we are enabled the more clearly to see how there 
have, in course of time, arisen those extreme and multi- 
tudinous differentiations of the outer tissues that have been 
glanced at. 
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going paragraphs suggest how this necessary correlation is 
brought about. For a great part of the physiological unica 
that accompanies the physiological specialization, there 
appears to be a sufficient cause in the process of direct equili- 
bration ; and indirect equilibration may be fairly presumed a 
sufficient cause for that whiuh remains. 





























PART VI. 
LAWS OF MULTIPLICATION. 






























































OBVERSE A PRIORI PRINCIPLE. 411 


the requirements considered under each aspect. The two 
necessities correspund. 

We might rest on these deductions and their several corol- 
laries, Without going further we might with safety assert 
the general truths that, other things equal, advancing evolu- 
tion must be accompanied by declining fertility ; and that, in 
the highest types, fertility must still further decrease if 
evolution still further increases. We might be sure that if, 
other things equal, the relations between an organism and its 
environment become so changed as permanently to diminish 
the difficulties of self-preservation, there will be a permanent 
increase in the rate of multiplication; and, conversely, thata 
decrease of fertility will result where altered circumstances 
make self-preservation more laborious. 

But we need not content ourselves with these @ priori 
inferences. If they are true, there must be an agreement 
between them and the observed facts. Let us see how far 
such an agreement is traceable. 
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multiply at all. Conversely, those which do not multiply 
asexually at all, are a billion or a million times the size of 
those which thus multiply with greatest rapidity; and are a 
thousand times, or a hundred times, or ten times the size of 
those which thus multiply with less and less rapidity. With 
out saying that this inverse proportion is regular, which, as we 
shall hereafter see, it cannot be, we may unhesitatingly assert 
its average truth. That the smallest organisms habitually 
reproduce asexually with immense rapidity ; that the largest 
organisms never reproduce at all in this manner; and that 
‘between these extremes there is a general decrease of asexual 
reproduction along with an increase of bulk; are proposi- 
tons that admit of no dispute. 
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surplus nutriment consisting almost wholly of those nitro- 
genous materials from which the bodies of young oncs are 
mainly formed. But, allowing for all other differences, it 
appears not improbable that the smallness of human fertility 
compared with the fertility of large feline animals, is due to 
the greater complexity of the human organization—more 
especially the organization of the nervous system. Taking 
degree of nervous organization as the chief correlative of 
mental capacity ; and remembering the physiological cost of 
that discipline whereby high mental capacity is reached; we 
may suspect that nervous organization is very expensive : the 
inference being that bringing it up to the level it reaches in 
Man, whose digestive system, by no means large, has at the 
same time to supply materials for general growth and daily 
waste, involves a great retardation of maturity and sexual 
genesis. 
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puppies contained in a litter, “ending in one or two.” And 
then it is farther alleged that, “as regards the amount of 
work a dog has to perform, so will the decline be rapid or 
gradual ; and hence, if a bitch is worked hard year after year, 
she will fail rapidly, and the diminution of her puppies will 
be accordingly ; but if worked moderately and well kept, she 
wiil fail gradually, and the diminution will be less rapid.” 

In this place, more fitly than elsewhere, may be added a 
fact of like implication, though of a different order. Of course 
whether excessive expenditure be in the continual repairs of 
nervo-muscular tissues or in replacing other tissues, the re- 
active effects, if not quite the same, will be similar—there 
will be a decrease of the surplus available for genesis. If, 
then, in any animals there from time to time occur unusual 
outlays for self-maintenance, we may expect the periods of 
such outlays to be periods of diminished or arrested repro- 
duction. That they are so the moulting of birds shows us. 
‘When hens begin to moult they cease to lay. While they 
are expending so much in producing new clothing, they have 
nothing to expend for producing eggs. 
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this cannot be due simply to plethora joined with rest. These 
cases are given as illustrating the conditions under which 
extreme exaltations of fertility become possible. Their mean- 
ings, thus limited, are clear, and completely to the point. We 
see in them that the devotion of nutriment to race-preserva- 
tion, is carried furthest where the cost of self-preservation 
is reduced to a minimum; and, conversely, that nothing 
is devoted directly to race-preservation by individuals on 
which falls an excessive expenditure for self-preservation and 
preservation of other’s offspring. 
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And certain seemingly-adverse facts, prove, on examination, 
to be facts belonging to a different category from that in 
which they are placed, and harmonize with the reat when 
rightly interpreted. 

The conformity of human fertility to the laws of multipli- 
cation in general, being granted, it remains to inquire what 
effects must be caused by permanent changes in men’s natures 
and circumstances. Thus far we have observed how, by their 
extremely-high evolution and extremely-low fertility, man- 
kind display the inverse variation between Individuation and 
Genesis, in one of its extremes. And we have also observed 
how mankind, like other kinds, are functionally changed in 
their rates of multiplication by changes of conditions. But 
we have not observed how alteration of structure in Man 
entails alteration of fertility. The influence of this factor is 
so entangled with the influences of other factors which are 
for the present more important, that we cannot recognize it. 
Here, if we proceed at all, we must proceed deductively. 
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from natural causes. And those typical similarities which are trace. 
able under adaptive modifications, must obviously exist if, through- 
out creation in general, there has gone on that continuous super 
posing of modifications upon modifications which goes on in every 
unfolding organism. 


‘ight with iety have added to the foregoing criticisms, 
Popnency that ene Owen has indirectly conferred a great 
benefit by the elaborate investigations he has made with the view of 
establishing his hypothesis, He has himself very conclusively proved 
that the teleological interpretation is quite irreconcilable with the 
facts, In gathering together evidence in support of his own con- 
ception of archetypal forms, he has disclosed adverse evidence which 
I think shows his conception to be untenable. The result is that 
the field is left clear for the hypothesis of Evolution as the only 
tenable one.] 































































































APPENDIX D. 





ON THE ORIGIN OF THE VERTEBRATE TYPE. 


[When studying the development of the vertebrate skeleton, there 
occurred to me the following idea respecting the possible origin of the 
notochord. 1 was eventually led to omit the few pages of Appendix in 
which I had expressed this idea, because it was unsupported by develop~ 
mental evidence. The developmental evidence recently discovered, how- 
ever, has led Professor Haeckel and others to analogous views respecting 
the affiliation of the Vertebrata on the Molluscoida, Having fortu- 
nately preserved a proof of the suppressed pages, I am able now to 
add them. With the omission of a superfluous paragraph, they are 
reprinted verbatim from this proof, which dates back to the autumn of 
1865, at which time the chapter on “The Shapes of Vertebrate 
Skeletons” was written—December, 1869.] 


The general argument contained in Chap. XVI. of Part IV., 1 
have thought it undesirable to implicate with any conception more 
speculative than those essential to it; and to avoid so implicating 
it, I transfer to this place an hypothesis respecting the derivation 
of the rudimentary vertebrate structure, which appears to me 
worth considering. 

Among those molluscoid animals with which the lowest verte- 
brate animal bas sundry traits in common, it very generally happens 
that while the adult is stationary the larva is locomotive. The 
locomotion of the larva is effected by the undulations of a tail. In 
shape and movement one of these young Ascidians is not altogether 
unlike a Tadpole. And as the tail of the ‘I'adpole disappears 
when its function comes to be fnlfilled by limbs; so the Ascidiun 
larva’s tail disappears when fixation of the larva renders it useless, 
This disappearance of the tail, however, is not withont exception. 
The Appendicularia is an Asvidian which retains its tail throngh- 
out life; and by its aid continues throughout life to swin about. 
Now this tail of the A ppendicularia has a very suggestive structure. 
Tt is long, tapering to a point, and flattened. rom end to end 
there runs a mid-rih, which appears to be an imbedded gelatinous 
rod, not unlike a notochord. Extending along the two sides of 





APPENDIX. 569 


Of conrse, if the rudimentary vertebrate apparatus thus grew 
Into, and spread over, a molluscoid visceral system, the formation 
of the notochord under the action of alternating transverse strains, 
did not take place as suggested in § 255; but it does not therefore 
follow that its differentiation from surrounding tissues was not 
mechanically initiated in the way described. For what was said in 
that section respecting the effects of lateral hendings of the body, 
equally applies to lateral bendings of the tail; and as fast as the 
developing tail encroached on the body, the body would become 
implicated in the transverse strains, and the differentiation would 
advance forwards under the influences originally alleged. Obviously, 
too, though the lateral muscular masses would in this case have a 
different history ; yet the segmentation of them would be eventually 
determined by the assigned causes. For as fast as the strata of 
contractile fibres, developing somewhat in advance of the dorsal 
axis, spread along the sides, they would come under the influence 
of the alternate flexions; and while, by survival of the fittest, their 
pers became adjusted in direction, their segmentation would, as 

fore, accompany their increasing massiveness. The actions and 
reactions due to lateral undulations would still, therefore, be the 
causes of differentiation, with which natural selection would co- 
operate. 
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